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"CHAPTER 17

THE INTERACTION OF SURFACE SHIPS
WITH THE THERMAL AND RADIOLOGICAL ENVIRONMENT

by

R. W. Shnider
U.S. Naval Radiological Defense Laborctory
San Francisco, California
{ Originclly published as USNRDL-475]

“1

20 January 1964

Abstract

This chapter considers the interaction of surface ships with the thermal
and nucleor rodiction fields resulting from water-surfoce and underwater bursts,
but does not include effects on personnel. Two closses of interaction are con-
sidered: (1) interaction of the ship with radiations, involving shielding agcinst
thermal, neutron, and gamma-radiations; (2) interaction of the ship with ma-
terial particles, involving deposition of radioactivity on the ship's weather
surfaces, or ingress of octivity within the weather envelope via ventilation or
combustion gir. The classes of radiation considered include (a) thermal,

(b) fireball-plume-cloud, (c) tronsit, (d) deposit, (e) radiation from contami-
nated woter, (f) rodiation from contaminated ventilation or combustion oir,
Available weapons-test data are given for shipboord radiation levels due to
each class, along with current theoretical methods for assessing the radiation
fields at various shipboard locations.
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CHAPTER 17

THE INTERACTION OF SURFACE SHIPS WITH THE
THERMAL AND RADIOLOGICAL ENVIRONMENT

17.1 PURPOSE AND SCOPE

17.1.1 Introduction

Knowledge of the interaction of naval ships with the radiation
fields resulting from nuclear water-surface or underwvater bursts is
important in determining the effects of these fields on the personnel
aboard the ships. This chapter will discuss the nature of the thermal
and radiological effects resulting from nucleer water-surface or under-
weter bursts in terms of the modification of the rediestion fields by
surface ships, including physical interaction with the ship's structure,
up to the point where injury of the crev is involved. Effects on ships'
personnel will be considered in Chapter 18, Means of predicting thermal
and rediological effects include theoretical celculations and sceling
techniques employing data from nuclear tests. It should be noted that
only & few underwater bursts and no true water-surface bursts over
deep water have occurred; thus data pertinent to the effects of such
bursts are limited. A brief qualitative description of the general
phenomenology involved, is given next as background for the rest of the
chapter.

17.1.2 Description of the Effects of Nuclear Surfoce ond Underwater Bursts

When a nuclear weapon is detonated, a large amount of energy is
liberated in a very small period of time within a limited quantity of
matter. This liberated energy manifests itself in the form of a
shock weve, thermml radiation, and nuclear radiation. Extremely high
temperatures are produced by the tremendous amount of energy created,
and e glowing mass of hot gases called the fireball is formed. A
large amount of thermal radiation is emitted by this fireball within
the first few seconds after a detonation, and the fireball of a surface
burst tends to rise 8t the rate of several hundred feet per second.

For a water-surface burst, a lerge quantity of water is vaporized
by the high temperatures, carried up under the fireball into a cloud,
and mixed with the fission products that are formed by the detonation.
Nuclear radiations are emitted during the first minute after a deton-
ation by the fireball, stem, and cloud. As the water vapor cools and
condenses back to droplets, these droplets fall to the surface as

17-1



DNA 1240H-2

fallout (or "rainout™) particles, emitting nuclear radiations due to the
admixed fission products.

In the case of an undervater burst, a bubble is formed due to the
dissociation and vaporization of the water by the energy of detonation.
The gases and geam in the bubble are initially confined within a volume
similar to that of the original charge, whereas under normal conditions
they would require a much greater volume. Since the bubble 1s at & high
initial pressure, it expands and breaks through the water surface on its
first expansion, if the burst depth is less thag the bubble radius at
peximum expansion. For & deep burst, the bubbleemay go through several
expansions, contractions, and upward migrations until it reaches the
surfece. When the bubble of a shallow burst breaks through the surface,
a hollow column of water will be thrown up into the air; plumes of water
will be thrown up by deeper bursts. The water will mix with the fission
products initially containgd in the bubble, and on return to the surface
will form a contaminated base surge, or aerosol, that emits gamma radiations.
This base surge at firet expands radially, but ultimately moves with the
wind until it evaporates, disperses, or settles out. o

17.1.3 Scope

Two classes of intersction of surface ships with radiation fields
are considered: (1) interaction of & ship with radiations, involving
thermal, neutron, and gamma radiations; ?2)‘“?‘rﬁenction with material
particles, involving either the deposition of radiocactivity on the ship's
vesther surfaces, or ingress of activity into the weather envelope via
comstion.air and ventilation-air intakes or other openings. The rad-
iation fields are due to six classes of radiation: (1) thermal, (2) fire-
ball-plume-cloud, (3) transit, (4) deposit, (5) radiation from contaminated
vater, (6) radiation from contaminated air within the ehip.

The discussion of thermal radiation, in 17.2, includes the free-field
data required to predict damage, the protection from thermal exposure
due to shielding by the ship's structure and gear, and the criteria
needed to estimate the effects of thermal radiation on combustibles that
may be located topside.

The ascescment Of nuclear-radiation effects requires an understanding
of the different radiations that emanate from the various radioactive
sources resulting from a detonation. Thus, 17.3 discusses the categories
into which radiations have been divided, some general characteristics of
the various rediations, and sources of weapons test data. The two mein
categories are fireball-plume-cloud radistions &nd residual radiations.

Discussion in 17.4 of the interaction of a ship's structure and gear
with fireball-plume-cloud radiation includes discussion of the factors
affecting such radiation, a summary of available experimental information,

17-2
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and current methods of predicting free-field effects.

The remaining four clssses of rsdiation fall into the category of
residual radiations. In 7.5, current knowledge of the effects of
transit radiation from airborne sources is summarized, and avallable
methods of predicting transit radiation aboard ship are discussed. In
17.6, radiation from activity deposited on ships' weather surfaces is
discussed. Weapone-test dats are summarized and methods of predicting
deposit radiation effects aboard ship are presented. Radiation aboard
ship from water contaminated by a nuclear burst ie discussed in 17.7.
The discussion includes available weapons-test data and theoretical
calculatione, and indicates that negligible radiation from waterborne
sources would penetrate combatant ships later than 1 hour after bdburst.
Section 17.8 summarizes effects of redistion from contaminated air with-
in a ship including aveilable weapons-test data.

17-3
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17.2 THERMAL RADIATION

17.2.1 Introduction

Cenersl Characteristics of Thermal Radiation

Immediately after it forms, the fireball of a nuclear detonation
starte to emit the infrared, ultraviolet, and visible light known as
thermal radiation. This emission occurs in two pulses, shown in
idealized form in Figurel7-1. During the first pulse of extremely
short duration (0.1 sec or less), temperatures in the fireball are very
high, and energy emission rapidly rises to a maximum and rapidly de-
clines to a minimum. The second pulese may last for several seconds,
temperatures are lover, and there is a less rapid rise in energy
emission to the second or final maximum, followed by & comparetively
slow decline to zero. Since temperatures during the first pulse are
very high, most of the emitted rediation is in the ultraviolet region,
which is attenueted reapidly in eir. Furthermore, only about 1% of the
total thermal radiation appears in the first pulse because it has such
a short durstion and because the radiating erea is still relatively
small. Thus, the radiant exposure from the first pulse, at some dis-
tance from the burst is insignificant. During the second pulse, most
of the radiation falls in the infrered and vieible regions, and can
cause fires to start when combustible materials are directly exposed
to0 the fireball at sufficiently close range.

The thermal radiation from nearly all underwater bursts will be
absorbed through vaporization and dissoclation of the water, and thus
18 of no concern as a weapons effect. However, thermal radiation from
surface or extremely shallow underwater bursts is of concern, although
such readiation can affect only the exposed topside personnel and
materiel of & surface ship. Any opaque object along the fireball-to-
target line of sight will furnish full protection from thermal radiation;
thus, topside personnel or materiel in the shadow of the ship's superstruc-
ture or topside gear would be shielded from thermal radiation. Such
radistion probably will not start shipboard fires, since normally there
i1s insufficient combustible materiel topside on combatant ships to sus-
tain fire. (However, carge ships may carry combustible deck loads, and
in special wartime conditions, even combatant ships might have com-
bustibles topside.) The most probeble thermal-radiation effects are in-
capacitating flash burns or flash blindness among topside personnel
directly exposed to the fireball of surface bursts, topics which will
be considered in detail in Chapter 18.

Topics Considered

The free-field data and criterie necessary for assessing thermal-rad-
iation damape, and the procedure for evaluating topside thermal exposures

17-4
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are discussed in 17.2 2 and 17. 2.3, along with the reliability of topside
radiant-exposure predictions. ’

17.2.2 Free=-Field Data

Experimental findings have established that the free-field dats
required to assess the damage produced by thermal radistion are given
by two Quantities---the rediant exposure, or the amount of incident
thermal energy per unit area of the target, and the rate at which this
energy is delivered. The total amount_of incident thermal energy del-
ivered to a target, measured in cal/cme, varies directly with the amount
of thermal energy emitted at the fireball. The amount of emitted
energy increases linearly with increasing weapon ylield, attemuates with
distance from the energy source, and varies with atmospheric conditions.
The rate at which the energy is delivered ie determined by the duration
of the thermal pulse, which lengthens with increasing yield. As & re-
sult, thermal energy from large-yield weapons is delivered more slowly
than that from small-yield weapons. The significance of the delivery
rate lies in the fact that since a target rapidly dissipates the heat it
receives, it will not overheat if the delivery rate is sufficiently slow.
Thus, for a given amount of thermal energy per unit target area, damage
to a target will be greater when the energy is delivered so rapidly that
little heat loss can occur during delivery, than vhen the energy is
delivered more slowly. For instance, the fireball of a 1-KT detonation
can deliver 4 cal/ in leses than 1 second, resulting in an incapacitating
burn on bare skin. A 4-cal/cm? rediant exposure from a 10 MP burst,
wvhich i{s delivered at a slower rate (it will take more than 30 sec),
may cause no more than a lst-degree burn on the same bare skin.

Radiant Exposures

The ranges from surface zero at which water-surface detonations of
various yields will cause gpecified radiant exposures have been
estimated through analyeis of data taken at weapons tests.l This an-
alysis ie summarized in the lower curve of Figure 17-2, Radiant Exposure
Normalized to 1 KT va Range. From this curwve, et ary given range, values of
the radiant exposure from any yield can be scaled for the atmospheric
conditions prevailing during weapons tests at the Pacific Proving Grounds,
where visibility was only about 10 miles. The upper curve of the figure
was fitted to data obtained at land-surface bursts in Nevada, including
data for tower surface-intersecting shots. Visibility was excellent and
atmospheric transmission was high during these tests. Since water-sur-
face bursts may occur in regions such as the North Pacific, where
viesibility and atmospheric transmission are generally higher than they
were in the test area, the Nevada curve is included and represents
upper limiting values of radiant exposures from surface bursts. Data
points to which both curves were fitted are indicated on the plots.

17-6
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Surfoce Exposures

== Nevado Atmosphere

Surface Exposures

 Pacific Proving Ground Atmosphere

SLANT RANGE (YD)

Figure 17-2. Surface burst radiant exposures normalized to 1 KT versus range.
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Theoretically, radiant exposures at a distance from water-surface
bursts (considered as point sources) would be calculated by use of the
expression

12 | &
k 0
Q= X2 10 x 71 cal/cm? (17-1)
LnD2

Where
Y 1is the weapon yield in kilotons.

k, & fraction modifying Y, is a function of (1) the fraction of
the total energy appearing as thermal rediation (2) the angle
of elevation of the receiver, (3) the shape of the fireball.

T 4s the atmospheric transmissivity (the ratioc of the energy
incident per unit area on a target in a reel atmosphere to
that vhich would be incident on the target in a vacuum).

D 1is the distance from surface zero to the target (in cm).

However, there are so many unknown factors in Eq.17-1 that calculated
results are unreliable. The value of k may lie between 1/7 and 1/3.
Furthermore, there is little relisble verification of the graphical
values of T given in Ref. 2. Atmospheric transmissivity is a complex
function of several unpredictable variables, such as water-vapor and
carbon-dioxide sbsorption of infra-red radiation, and miltiple scat-
tering of all radiation. Furthermore, reflection from partial or
total cloud cover, a factor unaccounted for in theoretical calculations,
can increase the effective exposure by a factor of as much as 2.
Finally values of Q calculated with the values of k and T given in Ref.
2, are not in agreement with available field-test date (some values
differ by as much as a factor of 3). Since theoretically calculated
radiant exposures do not asgree with empirical dats, the curves of

Fig. 17-2, which are in good sgreement (within + 25%) with date, are
considgered the most reliable current method for estimating radiant
exposures.

Rate of Energzﬁpelivery

Analysis of thermsl date from weapons tests has resulted in
establishment of a relationship between weapon yleld and the time re-
quired for emission of the thermal energy that is effective in burning.
A reevaluation3 of the data for the time to final maximum (tp) as &
function of weapon yleld has provided an expression that is in ex-
cellent agreement with field-test data. Water-surface-burst data in-
dicate & cutoff of radiant exposures after 10 tn. This cutoff is
apparently ceaused by the formation of a Wilson Cloud (which, however,
may not form under atmospheric conditions different from those at the
Pacific Proving Grounds where all the tests were held). Furthermore,

17-8
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data3fu indicate that only about 80% of the total energy which 1s
delivered by 10 tp, is effective in burning. Thus, the effective
thermal-energy delivery time is taken as 10 tp and a plot showing the
relationship between 10 tp expressed in seconds, and yield is given by
Figure 17-3,

Thermal-radiation data from shallow underwater bursts &Are nonex-
istent; thus, it is impossible to predict with any religbility the
thermal radiastion effects from such bursts. The only evidence evail-
able is the following quotatjon from Ref. 5 describing the Bikini
Baker (Operation Crossroads) shot. . . "The thermal radiation was
extremely intense during the first small fraction of a second; .
the practical effect of the thermal radiation was, of course, almost
nil." At Operation Hardtack, no thermal effects were observed from
shot Umbrella, which was slightly less than one-third the yield of shot
Beker and was detonated at 5/3 the depth. Since no other data for
ghallov underwvater bursts are available, it can only be estimated that
thermal effects decrease, perhaps linearly, with depth of burst from
the effects of surface bursts to noneffectiveness at burst devths
scaled to that of Bikini Baker.

17.2.3 Criteria for Assessing Thermal Effects on Materials

Criteria for assessing thermal damage are usually expressed in terms
<: of the verious radiant exposures and yields that produce the same de-
‘ gree of damage. These criteria have been determined from field-test
and laboratory data. At field tests, damage was determined from targets
located at known distances from surface zeros of known-yield detonations.
References 6 to 15 are some of the American and British reports of both
field tests and leboratory experiments to determine material-burn
criteris.

The most recent estimates of criteria for destruction of some of
the combustibles that may be found topside on a surface ship are given
in Teble 17-1. The tabulated values of cal/cm@ were determined by
measuripg the thickness of the specified materials, and using nomo-
graphsl that correlate material, color, and weight, with the thermal-
damage criteria. These estimated values, based on extrapolation from
experiments with cellulose products and correlated with field-test and
laboratory data, are criteria for the specified untreated materials at
a relative humidity of 0%. For a relative humidity of 50%, velues
should be multiplied by & correction factor of 1.2; for a relative
humidity of 70%, by a correction factor of 1.27. While flameproofing
helps prevent the spread of fire, recent experiments**indicate that it
reduces the ignition point of some materials, so thet they will smolder,
char, and be destroyed without flaming. The effect of flameproofing on

*For ylelds and depths of burst see Table 17-.2.
**Personal communication from Stanley B. Martin, USNRDL.
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the materials listed in Table 17-1 has not been tested for the
charring effect, although Ref. 14 concluded from tests made with
several cotton and woolen fabrics that resistance to destruction was
increased by flame-retardant treatment only for the woolen fabrics.
Some criteria are based on Ref. 13.

To estimate the effect of thermal radiation on wooden ship decks,
use is made of deta given in Ref. 2 for charring of white pine, with
and without a protective coamting. Although ship decks are of e hard
wood, and white pine is & soft wood, it is estimated that the effects
on coated pine, which will char to & depth of 1 mm with exposure of 4O
cal/cm? from a 1-KT weapon and 71 cal/em? from a 100-KT weapon, are
probably respresentative for charring of ships' decks.

Table 17-1. Approximate thermal criteria for destruction
of some topside combustibles.

Material Color Weight 1 KT |10 Kr{100XT |1 M
(oz/yd<) (cal/cm?)
Canvas Tarpaulin Olive Drad 12 12 10 15 23
Kraft Board, W6C Tan k.75 k.5 6 10 13
(corrugated)
Kraft Boerd, V3C Tan 13 11-13 | 12-13 | 11-13 | 17-20
(corrugated)
Fibreboard, V3S - 49 -- -- -- 35
Wool Serge Navy Blue 16 17 17 17 25
Melton (Wool) Navy Blue 16 13 13 13 20
Vash Cotton Trousers Khaki 8 15 12 20 30
Wash Cotton Shirt Khaki 3 5 8.5 {12.5 | 15
Denim Trousers Blue 9 9 8.5 9 16
Chambray Shirt Blue 3-5 5-10 | 6-8 |10-12 |13-18
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17.2.4 Summary

To summarize, no thermal radiation effects are likely aboard sur-
face ships from undervater bursts occurring deeper then at depths ccaled
to that of Crossroads Baker.™ It ie estimated that thermal radia-
tion effects of underwater bursts will increase as burst depth decreases,
up to the effects of surface bursts, which are illustrated by the
radiant exposures plotted in Fig. 17-2. Below-decks locations will
be completely protected from thermal radiation by the shielding
afforded by the ships' structures; topside gear or any opaque object
in the fireball-to-target line of sight will shield the location in
its shadow. Radiant exposures required for destruction of combustibles
that may be found on the weather deck are listed in Table 17-1,
Criteria for personnel burns, as well as reduction of personnel ex-
posure by shielding and evasive action, are discussed in Chapter 18,

*See Table 17-2 for shot yields and depths of burst.
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CHAPTER 17

17.3 FREE-FIELD DATA NECESSARY FOR ASSESSMENT
OF NUCLEAR RADIATION EFFECTS

17.3.1 General Introduction

An assessment of nuclear-radiation effects on personnel (pre-
sented in Chepter 18) requires a knowledge of the total nuclear-
radistion exposure, measured by the nuclear-radiation exposure dose
or a time integration of the dose rate received at the point of ex-
posure. The totel radietion exposure from e water-surface or under-
water nuclear detonation may include contributions from some or all
of the following: neutrons, gamme-rays, end beta particles. These
different radiations emanate at various times from the fireball or
from radiosctive materials that result from the detonation. While
directional and energy characteristics of the radiations should be
understood to permit accurate estimation of the total exposure, it
is frequently possible to estimate nuclear-radiation exposures by
scaling field-test dose-rate or dose dsta. However, in some cases
exposures must be calculsted with theoretical techniques, primarily
in situations where the exposures are reduced by shielding materials
(as when below-decks spaces ere shielded by a ship's structure).

Theoretical calculation of such nuclear-radiation exposures re-
qQuires knowledge of the nuclear radiation characteristics, such as
source strengths, energy spectra, and energy degradations that
occur between the source and exposure point as well as of the
radiation source and ship geometries. Each component of the total
radiation exposure has, in general, & broaed energy spectrum that
changes with time as the radioactivity decays. Moreover, the decay
rate itself differs slightly for different situations, depending
on fractionation of the radiocactive debris.

17.3.2 Measurement of Nuclear Radiation

The ionization produced during the passage of nuclear radiations
through any medium is used both for detection and measurement of the
radiation. The amount of ionization produced can be measured, and,
depending on the kind of rediation involved, can be expressed in
either of two units.

Gamma radiation measured in units of roentgens is termed an ex-
posure dose, which measures the quantity of gamma radiation in terms
of the ionization produced in air. One roentgen of gamma radiation
produces 1 esu per cc of eir, which is equivalent to the release of
about 88 ergs of energy per gram of dry air. Instruments have been
developed that measure gamma dose rate (the number of roentgens
delivered per unit time) and gamma dose {m time-integration of the

dose rate during the exposure period). Exposure-dose gamma measurements

provide free-field measurements of gamme radiation.
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A mcasurcment of the absorption of u yuantity of any kind of
nuclear rndiation in any material is termed the absorbed dosc. The
rad {s the unit used to reprecent the abgorption of 100 ergs of
ionizinrs radintion per pram of the ahsorbing material or tissue.
Thus, donc to personnel is expressed in terms of rads. One rocntagen
of ramna radiation results in an ahsorbed dosc of about R erpgn per

gram of tissue; hence, for gamma radiation, the roentgen and rad are

almost equivalent. BEST A‘!ﬁ%ngLE QOPY

Neutrons do not produce jonization (the process used to mensure
radiastion) directly in their passage through matter. However, they
cause it to occur indirectly by their interaction with certain
nuclei, and the number, velocity, and energy of the neutrons in-
volved determines the amount of indirect ionization produced. The
effects of neutron radiation, measured in terms of either neutron
flux (density) or time integrated neutron flux, (now called fluence)
are expressed in terms of rods based on.calculations relating fluence
to absorbed dose.

Neutron flux, the product of the neutron density and the neutron
velocity, is numerically equal to the total number of neutrons passing
in all directions through a sphere of one square cm cross-sectional
area, per second. Instruments measure neutron fiux over limited
energy bands and correlate the ionization produced indirectly by
the neutrons with the amount of energy that would be absorbed in
tissue per unit time. Integreted neutron flux or fluence, the pro-
duct of neutron Tlux and time, expresses the total number of incident
neutrons per sq cm of detector. Measurements of this type have been
made for several energy groups, but particularly for high-energy
neutrons, for which the standard detector is common sulfur, because
it has been determined that the absorbed dose due to neutrons
closely follows sulfur neutron fluence. Empirically determined con-
version factors are then used to express the sulfur neutron fluence
in terms of absorbed dose. NoO measurements are avajlable of neutron
fluence over the entire energy spectrum. Interpclation and extra-
polation have been used to calculate total neutron radiation effects,
in terms of rads.

17.3.3 Contributions to Nuclear-Radiation Exposure

Determination of nuclear rediation effects has been faciljtated
by dividing the radiations into two main categories: (1) fireball-
plume-cloud redietions and (2) residual radiations. Fireball-plume-
cloud radiations include all those emitted by the fireball and above-
surface formations except the base surge, and occur at early times
(within or in less than the first minute). Residual rediations in-
clude all those emitted by fission products and other bomb recidues in
the base surge and fallout, as well as by elements in earth, weter, or
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other materials in which radioactivity has been induced by neutron
capture. In the literature, early radiation has been called
"{nitial," and has been rather arbitrarily defined as all radiation
emitted within the first minute. Such a definition may be true for
water-surface bursts, but cannot hold for underwater bursts and conform
with the above definition of residual radiation, since the base surge
may be clearly distinguishable and the fission products in the surge
may be emitting radiations by 30 sec after burst. Therefore, this
report defines "fireball-plume-cloud radistion” as above, with no
fixed time 1limit. For brevity, the initiasls, F.P.C. raediation,
will be used in following discussions.

F.P.C. radiations of significance to the total nuclear-radiation
exposure dose for surface or very shallow underwater bursts include
(1) prompt gamma rays and prompt neutrons emitted at the time of
fission or fusion; (2) gamma rays resulting from inelastic scattering
of neutrons; (3) nitrogen-capture gamma rays; (4) early time fission-
product gamme rays. The prompt gammas and neutrons are liberated in
the process of fission or fusion in & time of less than & microsecond,
and are thus emitted at & time when the bomb is still almost completely
compacted. Most of the prompt gamma rays are absorbed by the bomd
materials and cesing and thus do not contribute significantly to the
total F.P.C. radiation. Although many of the prompt neutrons are
slowed down end captured by the bomb residues, a significant number of
neutrons escape to the atmosphere.

As these neutrons traverse the atmosphere, they may undergo either
capture or scatter reactions with atomic nuclei along their paths. If
neutron capture occurs, the energy of the captured neutron raises
that of the capturing nucleus, and the excess energy of the mucleus
mey be emitted as gamme radiestion. In the two types of scattering
collisions, the incident neutron loses part of its energy to the
struck nucleus, and a neutron degraded in energy results from the
reaction. Inelastic scattering occurs when part of the kinetic
energy of the incident neutron is converted into excitation energy of
the struck nucleus. This energy is then emitted as gamma radiation.
Elastic scattering occurs when a portion of the neutron kinetic energy
is transferred to the struck nucleus. In this case the total kinetic
energy of both particles after collision is the same as before, al-
though the energy distribution may be different.

The gamma rays resulting from inelastic scattering of those
neutrons that escape to the atmosphere can contribute significantly
to F.P.C. radiation, particularly for bursts of fusion weapons, where
large numbers of high-energy neutrons are emitted. The high-energy
nitrogen-capture gammas result from the nuclear cepture reactions
between atmospheric nitrogen and prompt neutrons at or near thermal
energies. The early-time fission-product gammas are emitted by
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fission products in the fireball, the plumes or column, and the cloud.
For underwster bursts, only the early-time fission-product gamma rays
are of significance, since prompt neutrons are completely absorbed

by 8 relatively thin layer of water. F.P.C. radiation will be dis-
cussed more completely in Section 17. 4.

Residual radiation has been subdivided into (a) transit radiation,
and (b) deposit radiation. Transit radiation is the radiation from
airborne radioactive particles suspended in the base surge and mush-
room c¢loud resulting from water detonations. These radiocactive
Berosols may pass over or envelop a ship, or enter & ship via any
breek in the weather envelope. Deposit radiation is the rediation due
to radioactive materials, particularly radiocactive fallout particles,
that may deposit on any of a ship's exterior (or some interior) sur-
faces. Residual radistion includes (1) gamma rays emitted by fission
products in the aerosols or in deposited activity, (2) beta particles
emitted from the decaying fission products in the aerosols or deposited
activity, and (3) gamms reys emitted from neutron-induced activities.

Residual radiation will probably cause the major portion of all
shipboard radiation exposures for all undervater and most surface
bursts, eapecially if the ship is downwind at ranges that are greater
than those at which airblast causes loss of the ship. Although ex-
posures to transit radiation are generally of short duration,
extremely high dose rates (up to several hundred thousand r/hr) could
be received st exposed topside locations of a ship enveloped by a
base surge. Section 17.5, Transit Radietion, includes & discussion of
the attenuating effect of the ship's structure on dose rates and doses
due to the base surge. If a ship's weather envelope were penetrated
by any of the contaminated aerosol, ventilation and combustion air
could become & minor radiation source within the ship. In addition,
the problem of deposit radiation could be somewhat increased if
particles carried by the serosol were deposited in ducts or spaces
within the ship. If a ship were caught in fallout or base surge,
certain portions of the ship could become dangerous sources of
deposit radiation unless countermeasures were employed to remove
deposited particles. The extent to which dose rates from radiocactive
particles deposited topside would be attenuated at below-decks
locations will be discussed in Section 17.6, Deposit Radiation. The
extent to which the water surrounding a ship may be & source of
nuclear radiation from redicactive particles suspended in the water
is considered in Section 17.7.

17.3.4 Sources of Weopons=Test Data

Weapons-test nuclear-radiation datea from underwater and water-
surface bursts have been obtained at the L underwater test shots*

*Data from the more recent Sword Fish Shot were not available as
this report was prepared.
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that have been held, and at only B of the "water surface" (barge)
shots, although 35 barge test shots have been detonated.

Table 17-2. Water shots for which nuclear-radiation data are available.
Water- Surface Bursts
Uperation € &teTr Dep
Shot Date (MT) (Ft)
2 (Romeo)  3/1954 1n 2Lo
4 (union)  B/195h 7 160
Castle 5 (Yenkee) 5/1954 13.5 250
6 (Nectar) 5/195k 1.7 120
(in Ivy-Mike
crater)
Flathead gﬁ%g n;
Dakota 195 1
Redving |  Navajo 7/1956 215
" Tewa 7/1956 25
( : *Shot Dakota occurred later et the same location es Shot Flat-

head, but no depth measurements were made after Shot Flathead.

Underwvater Bursts

Operation Shot Date Yield Burst Depth Water Depth
(KT) (Ft) (Ft)
Crossroads Baker 7/1946 90 180
Hardtack Umbrells 6/1958 150 150
Wahoo L4 /1958 500 3000
Wigwam 5/1955 32 2000 15000
Great Rritain -
Operation Shot

Date Yj( ’ecﬁ. location
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Teble 17-2 1lists the shots from which date are evailable, their
dates of detonation, yielids, und bLurst conditions, and alsO lists
three British shots from which some date are available.

For each U. S. operution, several ships were instrumented to
measure shipboard nuclear radiation. At Operation Crossroeds, a
whole array of decommicsioned ships instrumented with film bedges
and a few gamna time-intensity recorders were moored at various
locations about curface zero. At Operation Castle, two Liberty
ships, the YAG's 39 and 40, were modified to have parts of each
ship simulate portions of Navy combatant ships. Both ships were
equipped for remote-control operation, and traversed the fallout
areas of the several shots while numerous instruments aboard re-
corded the gamma radiation. One ship was equipped with washdown
(e system that largely prevents accumulation of deposited activity
on the ship's weather surfaces). The two YAG's were used similarly
at Operations Redwing and Wigwam, when both were equipped with
washdown systems.

At Operation Hardtack, the three destroyers used as target ships
wvere moored at different distances downwind of surface zero of each
of the underwater shots, and were extensively instrumented to measure
gamma radiation. A fourth ship, the SS MICHAEL MORAN (EC-2), s
World War II Liberty ship selected from the reserve fleet for use as
a target ship, was instrumented to measure gamma radiation on the
weether deck, and was moored upwind of surface zero for Shot Wahoo and
crosswind for Shot Umbrella. All four ships were equipped with wash-
down systems. In addition, floating coracles designed for the
operation were moored at many locations, and were instrumented to
yield gamma-radiation histories representative of dose rates at un-
shielded weather-deck locations. Floating film packs were also used
to measure total exposures.

Some weapon-effects data are available from three British shots.
At Operation Hurricane, fallout date are available from island
stations located near surfoce zero. At Oreration Mosaic, although
the weapons were detonéted on towers, it is cctimated that the fire-
ball of shot G2 may have touched the sca. Abourd the HMS DIANA,
which was positioned more than 50 miles downwind where no health
hezard was anticipated, measurementc were mude of fullout and the
ingress of activity through combustion nnd ventilation air.

1725 semmary BEST AVAILABLE COPRY

Available water-shot weapons-test dose and dose-rate data obtained
for all the significant components of radiation at various locations
(both shielded and unshielded) and at various distanceg frod eur-
face zero indicate that radiation intensities vary with durst depth,
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as well as with yleld, time, and distance. Some of the data have
been scaled to permit estimates of exposures at unchielded locations.
However, theoretical calculations of exposures are required in cases
wvhere the radiation energies are degraded by passage through materials
such as the ship's structure. Scaling and calculational techniques,
and thelr reliability, are discussed in the remaining sectlions that
deal with the individual nmuclear radietion classes. Effects of
exposures on equipment will also be discussed in these sections. The
effects of exposures on personnel are considered in Chapter 18.
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17.4 FIREBALL-PLUME-CLOUD RADIATION

17.4.1 Introduction

As noted in 17.3.3, for surface or very challow underwater burstis,
four components contribute sipnificantly to the total F.P.C. radiation”
incident on a target. The relative ”qptribution of' each component
depends primarily on the weapon type)' (The prompt, or fission-process,
gamma rays are emitted within a fraction of a serond after burst, and
are ignored in this discussior gince they are almost completely
ebsorbed by the bomb materiuls.lnA brief review of the L components
follows. Many of the prompt neutrons emitted in the fission or fusion
process are slowed down and captured by the bomb materials. However,

a sufficient number escape 50 that the resulting prompt neutron flux
forms & significant direct contribution to F.P.C. radiastion. 1In aedd-
ition, garma rays, resulting from inclastic scattering of neutrons and
nitrogen-capture gamma rays also contribute sipnificantly. These three
components of F.P.C. radiatior are all due to neutrons, and will re-
sult only from surface or very shallow underwater bursts, since the
prompt neutrons are completely ebsorbed by a thin (about 3 ft) layer
of water. The early-time fission-product garma rzys emitted during
the first minute after detonation (once the bomb materials have
vaporized) by the rapidly decaying radioactive fission fragments are
the fourth significant rcomponent of F.P.C. radiation. As noted in
17.1.2, the fission products will be carried into the air and mixed
with the water thrown up by a water-surface or underwater burst. Thus,
F.P.C. radiation is slso emitted by the fission products carried in
the column, plumes, and cloud.

Those characteristics of the above four F.P.C. rzdiations that
affect their interaction with ships are discussed in this section,
slong with shipboard shielding ugeinst F.P.C. radiation and available
field-test dose and dose-rate data. Curves that may be used to
estimate F.P.C. neutron dose vs distance ure presented, as well as
curves for free-field F.P.C. gamuna dosc. When both doses are expressed
in rads they are additive. In the discussion of the interaction of
the target ship with F.P.C. radiation, the effects of neutrons and
gamma rays are concidered scparately, since the two kinds of radiation
differ in many respects. No method of calculating F.P.C. dose at
shielded locations is presented, since no such method exists explicitly
in current literaturc. Current information as to the effects of F.P.C.
radiation on shipboard equipment will also be summarized.

'Fireball-plume-cloud radiation is defined in 17. 3. 3.
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17.4.2 Factors Affecting the Interaction of F.P.C.
Rodiation With a Target Ship

(1) Factors Affecting Neutron Radiation. The amount of neutron
radiation received at e target some distance from & nuclear detonation
is dependent on several factors: the characteristics of the nuclear
device; the distance of the target from the detonation (the neutron
source ); and the shielding around the target point.

The device characteristics markedly affect both the number of
neutrons emitted and the energy spectrum at the source.!’ The bomb
materials, particularly the hydrogenocus high explosives used, capture
neutrons efficiently and hence affect the number and energy of the
prompt neutrons that escape into the air. Furthermore, several
times as many neutrons are released per kiloton of fusion yield as
per kiloton of fission yield.lslhe neutron-energy spectrum at the
source affects the distribution of energies (the spectrum) at the
target, and the neutron energy spectrum at the target, in turn,
affects the neutron radiation dose at the target. Prompt neutrons
released by the detonation of a fission weapon have a continuous
energy spectrum that peaks at sbout 1 Mev at the source, while almost

all the neutrons resulting from detonation of a fusion device are 1k
Mev at the source.8 According to Ref.19, field-test date indicate that

the slow neutrons with energies of less than about 1 ev contribute no

more than 2% of the total neutron dose received at distances of

biological interest, whereas the faster neutrons with energies greater than
0.75 Mev contribute about 75% of the dose.

The distance from the detonation to the target affects both the
number of neutrons reaching the target and the energy spectrum at the
target. As the prompt neutrons leave the environment of the bomb they
undergo collisions with nuclei of elements present in the atmosphere
and either are captured or scattered (lose energy) with each collision.
The mean free path between the collisions is dependent on neutron
energy, and can vary from about 100 meters (thermal neutrors) to greater
than 300 meters (14 Mev neutrons). Each collision will result in
either & decrease in neutron energy or in neutron capture and hence
removal. The longer the path to the target, the more collisions are
possible; therefore fewer neutrons will reach more distant targets
since more capture reactions are possible. The neutron energy spectral
characteristics at the target depend on the relative importance of
the scatter and capture processes during these collisions. Capture is
usually much more probable for very low energy neutrons. BHence, after
neutrons traverse a few mean free paths in air, just as many low-energy
neutrons are lost by capture as are produced when higher energy neutrons
lose energy through the scattering process. The result is an equilibrium
neutron energy spectrum after the radiation has traversed a few hundred
meters of air or a few centimeters of irop or other solid material.
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Shielding around the target point attenuates neutrons at a higher
rate than does air, and thus reduces the neutron dose. The most
effective neutron shielding involves a combination of scatter end
capture materials. Some elements (such as berium or iron) are
effective in slowing down fast neutrons ( 2 3 Mev)through inelastic
scattering. Hydrogenous materials, such as water or paraff{in, are
very effective in slowing down fission neutrons {(most of which have
energies of less than 3 Mev) to thermal energies, and boron is
effective in capturing thermal neutrons.

(2) Factors Affecting Gamma Radiation. Gamma radiations that con-
tribute 8 silgnificant portion of the total F.P.C.-radiation dose are (a)
the gamma rays (of about 4 Mev average energy) produced when the neu-
trons of greater then L-Mev energy undergo inelastic scattering, (v)
the high-energy (up to about 11 Mev) gamma rays emitted when slow neu-
trons undergo radiastive capture by atmospheric nitrogen nuclei, and (c)
the early-time fission-product gamma rays that have an energy spectrum
of about 3 Mev average energy, with energies up to 7 - 8 Mev. The
amount of this F.P.C. gamma radiation that interacts with a target is
dependent on several factors: the weapon type, the distance of the
target from the source, the air density, the angle of incidence of the
radiation, and the shielding around the target point. All these
factors affect the gamma energy distribution at the target. The effects
of these factors are briefly discussed in the following paragraphs.

The weapon type (fission or fission-fueion) determines tne mumber
and energy of the prompt neutrons emitted, and thus controls whether
the gamma radiations resulting from inelastic scattering of neutrons and
those from nitrogen capture of neutrons contribute significently to the
total F.P.C. gamma radistion. Furthermore, the weapon type and yield
also affect the significance of the fission-product gamma radiation.!’
A few gamna-ray spectral measurements have been recorded at targets
during weapon tests, but more detailed measurements have been made in
laboratories.®: '

The dose rate of the F.P.C. gamme radiation at a target decreases
rapidlx with distance from the source due to both the inverse-square
effect” and air attenuation. The gamma reE &e toth scattersd ard ebsorted,
to some extent, by passage through any material. Scattering through the

"rhis inverse-square relationship ie valid only for a point source of
radiatiorn, but may be used to approximate the amount of direct radiation
incident on a target at a distance equal to at least several times the
diameter of a source of finite size.
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interaction of the gamms rays with particles in any medium (including
air) results in diversion of the radiastion from its initiel path and

in loss of energy (Compton effect). The amount of attermuation is de-
pendent on both the energy of the incident rays and the density of the
material traversed. The higher the gamma-ray energy, the less the
atternuation for a given density; conversely, the higher the density of
the medium, the greater is the attenuation for & given gamma-ray energy,
particularly for the energies of F.P.C. gamma reys and ship materials.
The effect of decreasing the density of materisl (where the material

is air) between the source and target is illustrated in the enhance-

ment of fission-product gamma radiation noted for megeton-yield bursts.
F.P.C. gamma radistion at a particular distance scales linearly with
yleld for landé surface bursts up to about 100 KT; however, progressively
greater-than-linear scaling with increasing yield is noted for megaton-
yield bursts. This enhancement is partiaslly due to the greater amount

of gamma rediation resulting from inelastic scattering and nitrogen
capture of the neutrons produced in a fusion detonation, and partially

to the "hydrodynamic effect,” in which the shock wave produces rare-
faction of the atmosphere, eliminating much of the air attenuation for the
fission product gamma rays. The velocity of the shock front for high-
yield bursts is sufficiently higher than that for low-kiloton-yield
bursts to producgza significant enhancement of the F.P.C. fission-product
gamma radiation. The source-to-target distance, the angle of incidence
of the radiation, and to an extent the ship orientation to the burst are
of significance in calculations where source-shield geometries must be
considered, such as for locations within a ship where the hull and decks
act as attenuating shields for the radiation. The greater the source-
to-target distance, the more the radiation will be scattered. GScattered
radiation is more greatly attenuated by a shield than is direct radiation,
because its energy has been reduced by scattering. The angle of incidence
of the rediation is significant because radiation incident on the "shield"
at more oblique anglés traverses grester thicknesses, hence is more atten-
uvated than radiation following the shortest path. In addition, the
rediation will have to traverse greater thicknesses of the ship's
structure to reach interior locations if the ship is bow-on or stern-on
to the burst than if it is beam-on.

17.4.3 Field-Test Fireball-Plume-Cloud Radiation Data and
Estimates of Free-Field Fireball=Plume~=Cloud Radiation Dose

(1) F.P.C. Neutron Radiation. Little neutron radiation data from
water-surface bursts is available, and most of the estimates have been
based on deta from land-surface, tower, and air bursts. At Operation
Herdtack, neutron flux measurements were made at two of the barge shots.
Examination of the neutron flux curv e various de (various
energy ranges) for shots Yellowwood and Walmit m;eveals
that the slopes of the flux-vs-dist curves are not e.
However , the differences may have been due to the positioning of the
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detectars(not on a radial line) and the device characteristice (shielding
inherent in the weapon configurations). A plot of neutron dose versus
distance, calculated from the flux data, showed agreement within a
factor of 2 to 2.5 with values predicted according to Reference 2.

Estimates of total neutron dose vs distance from burst are derived
from two sources, Mm_ﬂmm%md A Study of the
Sulfur Neutrcons From Fission weapons.25 Doses at given ranges from un-
Yoosted fission weapons, calculated according to Ref. 25, are higher by
e factor of 1.5 to 2 than those calculated according to Reference 24. Since
the conclusions of Ref. 25 are based on more extensive data than w_re
available when Ref.24 was prepared, the results of Ref. 25 are recom-
mended for use.

The main conclusions of the Ref. 25 analysis are as follows:

(1) The neutron dose closely follows the sulfur neutron fluence {nvt)
for both boosted and unboosted fission weapons. The ratio of the sul-
fur neutron fluence intercept to the biological dose intercept is about
a factor of 2 higher for boosted than unboosted weapons. However,
bvoosting also increases the sulfur neutron fluence by about the same
factor. Since these factors are compensating, there is no net effect
on dose.

(2) The sulfur neutron intercept fluence per kiloton is an inverse
function of the thickness of the weapon's high explosive component for
thickness greater than about 10 c¢m, but appears relatively insensitive
to changes in HE thickness below this value.

Plots of neutron dose vs distance for the probable range of atmospheric
density are given in Fig. 17-4. One pair of curves gives values for a

"typical fission weapon,” the other pair for a fusion weapon. The

"ayerage value" of intercept fluence per ﬂm
wiven in Ref.25 was used to calculate the values © -

ion

e. Furthermore, the correlation of sulfur neutron flux with
biological dose given was adjusted to provide results in terms of rads
(absorbed dose). The values for the fusion curves are calculated from
Ref. 24, since no more recent methods are available. It must be noted

that because of variations in, and paucity of, data, dose estimates at best
should be considered reliable only to + 200%.

It has been found that neutron radiation for yields under 1 MT can
increase the total F.P.C. radiation dose by as much as & factor of 2, at
close-in ranges. For yields of over 1 MT at ranges where meagurements

have been possible, the neutron doce is relatively insignificant compared
to the gamma dose.

.
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(2) Gexmma Radiation. Measurements of F.P.C. gamms radiation from
wvater-surface bursts were made at_ Operations (}_gﬁ;g_z‘o_agg_&e__gly_iggz-_‘\ror

devices ranging in elgf _
) \ Analysie of available date from shots Flathead,
ota, Tewa, and Navajo permitted construction of the curves of Fig.

17-5 (F.P.C. Gamma Dose ve Range for 1 MI')} and the Dose Multiplying
Factor, Fig.17-6, Both Figs. are redrawn from Ref. 28. Use of these
two figures permits prediction of free-field F.P.C.-gamma-radiation doses
from water-surface bursts of ylelds from 100 KT to 10 MI'. Additional
date are needed, however, particularly to verify the values of the dose
curves at’ranges greater than 12,000 ft and of the dose-multiplying-——— "~ -
factor for vields ;

For underwater bursts, fragmentary measurements of F.P.C. gamma red-
iation were made at Operations Crossroads (Baker)Z29, 30 and Wigwam 3!
However, those measurements are not sufficiently deteiled to permit re-
lieble predictions of gamma dose rate or gamma dose as & function of time
and distance. Somevhat better messurements of F.P.C. gamma radiation
were obtained at Operation Hardtack, Shots Umbrells and Wahoo 23, 3, 33
The GITR data obtained ¥ indicate that the stem of the water plume pro-
duced an early (less than 15-sec) significant peak gamma dose rate that
fell off rapidly with distance. Deata from Refe. 32 and 33 are plotted
on Fig. 17-7. _ Several GITRswae usxi and the standard-GITR measurements
are estimated ¥ to be more reliable than those of the ASEL-GITR; how-
ever all available data are plotted. It should be noted that within the
first minute, significant gamma doses were measured, but the mejor portions
of thase doses were due to transit radiation (discussed in 17.5. The
F.P.C. gamma dose, estimtedg' 33 to have been insignificant, is plotted
in Fig. 17-8. The values shown in the figures are, in general, in-
dependent of direction from burst, but because of the paucity of data, are
considered reliable only within s factor of ten, and apply only to the
particular test conditions.

17.4.4 Effect of Geometry on the Interaction of
F.P.C. Gamma Rodiation with o Target Ship

No shipboard measurements have been made of F.P.C. gamma radiation
from water-surface bursts. At Operation Hardtack, efforts were made to
measure this radiation from underwvater bursts at both exposed and
shielded locations aboard target destroyers. However, no doses were
recorded at the shielded locations within the first minute. The ships
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Figure 17-5. F.P.C. gomma dose versus range for 1-MT surface bursts.
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Figure 17-7. Peck F,P.C. gommo dose rate versus
distance, Shots Wahoo and Umbrella.
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were positioned at various distances from surface zero, from 2900 to 8900
ft for shot Wahoo and from 1900 to 7900 ft for shot Umbrella. 23, 32,33

Reference 31 swmarizes experimente the British conducted in 1949
aboard & cruiser, the Arethusa, to determine the shielding afforded by
the ship's structures against the F.P.C. gamma radiation resulting from
a nuclear airburst. Gamma radiation emitted by cobalt-60 and eodium-2L
gources wag used to simulate the F.P.C. gamma radiation aboard a ship
located beyond the range of complete destruction from an air burst.
However, since the angle of elevation of the source from the water line
was only 10°, it is estimated that the results may also be used to in-
dicate levels of F.P.C. gamma radiation for water-surface bursts, although
the isotope garma energies were only ebout 1/6 (Co-60) to 1/3 (Na-2k) of
the F.P.C.-gamma-radiation energies for a nuclear burst. Radiation
levels were measured in three groups of compartments, that were in
vertical alignment and in some compartments that extended across the width
of the ship, such as the mess decke and.the kth-deck engine and boiler
rooms. Seversl significant conclusions were reached as a result of these
experiments, relating geometry and ship orientation to F.P. gamma dose.
It was found that, in general, the protection afforded by t ship was
greatest (by as much as a factor of 30) for bow exposures, and least for
exposures on the beam. This effect was particularly noticesble in com-
partments situated below the upper deck, and was due, presumably, to
the added protection afforded by bulkheads near the bow of the ship. As
would be expected, the ship orientation did not affect to so great en
extent the exposures at locations in compartments within the bridge
structure. It was also found that for compartments that extended across
the full width of the ship, there was & considerable variation (vy as
mich as a factor of 11) between the dose received at the near-incident
and near-exit sides of a compartment relative to the source of radiation.

17.4.5 Effects of F.P.C. Radiation on Shipboord Electronic Equipment

The possibility that shipboard electronic equipment might malfunction
as a result of exposure to the high rapidly delivered radiation exposures
emanating from a nuclear detonation was indicated by laboratory tests
carried out in 1956.%® qnese preliminary high-intensity short-duration
neutron-irradiation tests, in which the Los Alamos Scientific Laboratory's
Godiva pulse reactor was the neutron source, indicated the sensitivity
of semiconductors to neutron irradistion.

At Operation Plumbbob, in Nevads, numerous components used in
electronic circuits were exposed to F.P.C. radiation from airburst Shots
Hood and Priscille.® It was concluded that, of components normally used
in electronic circuits, semiconductor devices are the most susceptible
to damage by nuclear radiation, and in locations where physical survival
of equipment is possidble, fast-neutron bombardment alone could be re-
sponsible for permanent damege to semiconductor devices. Data indicated
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thet, during & nuclear detonation, exposure to 107 nvt (neutronl/cme),
with negligible gamma radistion, cen cause malfunction of seniconductor
devices, and audio unite were severely damaged by exposure to 1. 1 x 101"

nvt.

Many industrial firms have been investigating the effects of pulsed
nuclear radiation on electronic equipment {as indicated in Ref. 39),
particularly the temporary dissblement of avionics controls in & weapon
system, an effect that would jeopardize the success of the weapons'
mission.

17.4.6 Summary

The F.P.C. radietion incident on a target within the first minute
following a water-surface or shallow underwater burst includes neutron
rediation, gamma radiation due to inelastic scattering and nitrogen
capture of the prompt neutrons, and fission.product gamma radiation.

For surfece bursts, the free-field F.P.C. neutron and gamma doses
vs distance from surface zero for weapons of various fusion-to fission
ratios can be estimated from Figs. 17-4, 17-5 and 17-6. For weapone
of 1 MT or less, the gamma dose is negligible at distances of about
3,700 yards (11,000 ft) or more.

For underwater bursts, the neutron dose may be disregarded. The
only available gamma data, from Shots Umbrella and Wahoo at Operation
Hardtack, indicate that for underwater bursts of about 10 KT the gamma
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dose is negligible. However, the dats do not permit scaling or extrap-
olation to other yields and burst conditions.

No explicit method is given in current literature for calculating
F.P.C. radiation doses at shielded locations aboard ship (although it
would be possible to adapt the method of calculating transit radiation
dose), and no field-test dasta exist to indicate the radiation doses
that might be expected at such shielded locations. Results of tests
made with radioesctive isotopes to simulate the source of F.P.C. gamma
radiestion indicate that, at some locations, the protection afforded by
a ship the size of a cruiser can reduce the free-field exposures by as
much as & factor of 30. However, since the energy of F.P.C. gayma
redistion is high, protection afforded by smaller ships {(which are more
lightly constructed), such es destroyers, would be less than that in-
dicated by the test results.

Exposures of electronic equipment to F.P.C. radiation at field
tests and to laboratory-simnlsted F.P.C. rediation indicate the
sensitivity of such equipment to high-intensity short-duration pulses
of such radistion. It was found that electronic equipment such as
semiconductors and electronic fuze components are particularly vulnerable.
In some cases, permenent damage occurred; in other ceses, transient dis-
turbances occurred that could csuse malfunction of equipment in a
tactical situation.
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17.5 TRANSIT RADIATION

17.5.1 introduction

Transit rediation has been defined(Section 17.3)as the gamma radiation*

from airborne particles suspended in the cloud and base surge formed by
water burstse. Assessment of effects of such rsdiation i1s based on the
dose or the time-integrated dose reste received at the exposure point.
Thus, all availsble weapons-test dose and dose-rate date are of value in
devising scaling techniques that would permit estimgtion either of dose
or of dose-rate histories due to trensit radiation at various ranges
from surface zero for detonations of any yield. Transit-radiation data
measured at weepons tests at unshielded (topside) shipboard locations
are discuesed in 17.5.2, and similar dsta obtained at below-decks loc-
ations are diecussed in 17.53. In some cases, specific measurements of
transit radiation vere made; in other cases, vhere only one total-dose
or dose-rate history was recorded, attempts vere made to separate the
transit from the deposit radiation. When the washdown system was in
operation, deposit radiation was reduced; thus, the relative contrib-
ution of transit radiation to the total exposure was greater on a
washed ship than on an unprotected ship, although the absolute amount
of transit radistion did not change.

Weapons-test data available from the fev wvater shote at which
measurements have been made are insufficient to permit reliable ex-
trapolations or scaling techniques. Therefore, attempts have been made
to develop semi-theoretical models for predicting transit-radiation doses,
employing available date to correct and verify the models. Two such
models for predicting transit radiation at unshielded locations aboard
ship are discussed in 17.5. 4.

Transit dose rates and doses at interior locations in a ship will
always be less than those recorded at the same time on the ship's
weather deck, because of the attenuation afforded by the intervening
structure. Such attenuation is generally expressed in terms of shielding
factors, where the shielding factor for a given location is usually de-
fined as the ratio of the dose rate at the given location to the dose
rate at 3 ft above the weather deck. As noted in Ref. 41, the shielding
factors depend not only on the arrangement and thickness of ship structure
and materials, dbut alsc on the distribution of radioactive particles in
space as well as on the radiation energy spectrum. The spectrum varies
slightly with bomb type, but may vary considerably through fractionation
of the different isotopes involved. It also varies with time after burst.
A theoretical method for calculating ship-shielding factors and thus dose
rates at interior shipboard locations is presented in 17.5.4. The effect

*Beta radiation from transit sources contributes only a negligible
amount to the total dose received at unshielded locations, and none at
all at shielded locations.
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of the geometry of the ship on transit radiation doses at unshielded
locations is discussed in 17.56, mand the effects of transit radiation
on electronic equipment are indicated in 17.5.7.

17.5.2 Weapons-Test Data for Unshielded Shipboord Locations

l. Water-Surface Bursts

All the test shots classified as surface bursts (Table 17-2 )
were over relatively shallow water, considering the high yields involved,
and the proximity of the sea bottom and the motion of bottom material
probably influenced the subsequent radiation effects. Thus, these shote
probably did not produce the same effects that would have occurred had
they been water-surface bursts at sea (over deep wvater). However,
radiological data from these tests can be useful in estimating radiation
effects from water-surface bursts st sea.

Operation Castle: According to Ref. 40, no separate measurements
of transit redistion were recorded for either Shot y (Union) or Shot 5
(Yankee). However, crude estimates indicated thst on the YAG 39 target
ship with the washdown system operating, doses at least greater than
0.8 r accumulated between 1 and 3 hr after Shot Union, and doses greater
than 23 r accumlated between 1 and 12 hr after Shot Yankee. In neither
case was the target ship directly downwind in the peth of fallout.
Teking estimated differences in geometry into account, these figures
led to &n estimete that, at the end of fallout, &s much as half the
dose accurulated on the weather decks of & washdown-protected ship was
due to transit radiation. On a ship not protected by washdown the
trensit dose was estimated to be of minor significance relative to the
deposit dose.

Operation Redwing: For the two water-surface bursts and one
shot pertly on lsnd and partly over water (Shot Tewa), various records
of dose rate and dose with and without washdown are available.4l,4
Reference 4l concluded that “the eir contributions to the gamma-rad-
iation fields aboard ship were highly significant during the period of
fallout.” The only separate transit-radiation records for Shot Tewa
are "estimated” (i.e., adjusted for instrumentation) 2r free-field
dose rates and doses. The highest such readings were a dose rate of
3.5 r/hr at 4 hr after burst and a total dose of 9 r accumlated by
25 hr after burst, after the YAG-39 had completed meneuvers in an area
north of surface zero while the wind direction was at 105°. For Shots
Navejo and Flathead, gamma radiation was recorded in washed and un-
washed weather-deck areas aboard the YAG's starting at several hours
after burst, but no estimates of transit radiation alone are available.
Incremental-collector and GITR (gamma intensity time recorder) records 42
are aveilable, and transit radiation doses and dose rates have been
calculated ¥ from the records by estimating fellout arrival times and,
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after making appropriate corrections, subtracting the deposit dose
(dose accumulated after fallout started) from the GITR records. How-
ever, such results must be considered speculative.

LR B i nl e Y
2. Underwvater Bursts BEST ,‘&‘I“’w** SLZ ’L"VPY

Transit radiation data aveilable for underwater bursts are
from the four low-kiloton shots listed in Table 17-2., The magnitudes
of the measured transit doses were significant in all four cases.
Furthermore, the date indicate that the significance of transit rad-
iation as a contaminating mechanism may be associated with the phase
of the budble when it breaks trhrough the surface. At Operation
Crossroads, Shot Baker, the shallow burst that produced a broad colurn
and mushroom cloud, the deposited activity from the rainout or fallout,
rather than transit radiation, wvas the msjor source of contamination.
However, there was practically no fallout from any of the othgm.three
deeper bursts, and in each of those three tests the transit rdfi§ation
was the source of the gamma doses measured on the target ships. Avail-
able data are summarized in the following paragraghs.

-Operation Crossroads, Shot Baker: A few dose-rate histories
vere recorded at Shot Beker,4i,45,40and are estimated to be partly due to
transit radiation. References 4 and45 reproduce time-dose-rate records
from four of the target ships. Examination of those records indicates
that eignificant gamma doses were delivered during the times the ships
vere enveloped by the base surge. For instance, during envelopment by
the base surge, peak dose rates of about 3500 r/hr, 180 r/hr, and 150 r/hr
were recorded on LCT 874 (2420 yd from surface zero and slightly downwind)
on APA 77 (USS CRITTENDEN, 1500 yd from surface zero and slightly down-
wind), and on ICI 332 (1890 yd from surface zero and slightly upwind),
respectively. However, the departure of the surge caused no noticesble
decrease in the dose-rate curves. Furthermore, on ICI 332 although the
dose rate increased from about 50 r/hr to about 150 r/hr during en-
velopment by the base surge between 2 and 5.6 min, the dose rate sud-
denly increased to about 870 r/hr at 7 min when the surge was about
300 yd downwind from the ship. According to Ref. 29, at weather deck
locations, it was "estimsted that 50 percent of the total dose was rad-
iated from the mist during the time in which the vessels were engulfed
by the mist,"and the same study gives & contour map of transit-rad-
iation doses, obtained by subtracting deposit doses (computed by means
of fallout collections) from total doses (measured by film badges).

Operation Hardtack: The two underwater bursts of this oper-
ation (Shots Umbrella and Wahoo) provide the best transit-radiation
records of any weapons test, and results indicate that exposure to the
base surge of a shallow or moderately-deep underwvater burst can result
in high doses within the first 15 to 30 min. Dose-rate histories were
recorded’> aboard the three DD's and the EC-2 at shots Umbrella and
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Wahoo, and many total doses were registered on film packs. Also, many
of the base-surge dose-rate records were measured by GITR's located on
coracles that were floating in the water.32 These coracle records best
describe free-field dose rates, where the free fleld is defined as the
gamma field near the water surface, ynmodified by any projections above
that surface. Since the GITR's were only a few feet above the water
surface, it is estimated that some of them were washed by the water and
some of the records include radistion from contaminated water. However,
the dose contribution from the water is separable from the total dose
because some of the coracles were also equipped with underwater GITR's;
thus the above- and below-surface GITR records could often be compeared
with each other and with availsble shipboard records. Inspection re-
vealed that most of the coracle records can be considered equivalent to
readings at unshielded locations on & ship's deck. Analysis of the re-
cords led to the conclusion given in Ref. 33, which deals specifically
with shipboard rediation, that "at least 95 percent and 98 percent for
Shots mbrells and Wahoo, respectively, of the total doses observed on
the urvashed decks were due to remote-source (i.e., transit) radiation.”
Base-surge dose rates were recorded at times ranging from less than
30 sec to more than 20 min after burst.3% 33 Peak dose rates as high
as 100,000 r/hr and total transit doses as high as 1000 r were recorded.

At Shot Umbrella, on the EC-2 at 1650 ft crosswind, a dose of over
1000 r wes recorded, with a peak dose rate of more than 100,000 r/hr
at less than 1 min after burst. Aboard the DD-592 at 3000 ft downwind,
a dose of over SO0 r wes recorded, with & similarly high peak rate of
about 100,000 r/hr at 30 sec. On the DD-593 at 7900 ft downwind, & dose
of only 65 r was recorded with & peel rate of about 5500 r/hr at 100 sec.

At B8hot Wahoo, aboerd the EC-2 located 2300 ft upwind from surface
zero, & peak dose rate of 17,500 r/hr was recorded at 0.75 min after
burst, and a transit dose of about 300 r was accumlated within 30 min.
Aboard the DD-593 at 8900 ft downwind, a peak dose rate of about 9000 r/hr
was recorded at about S min after burst, end the transit dose was 300 r.

Dose rates were recorded aboard ship until 6 hr after burst. After
passage of the base surge, rates were quite low, characteristically being
less than 1 r/hr at times later than 1 hr after burst (all ships used
washdown).

Operation Wigwam: One dose-rate history recorded aboard the
YAG-39 at 13 to 20 min after burst3lmust have been due to transit radiation
elone, since no deposit material was collected in that time interval.
The peak recorded dose rate was approximately 600 r/hr, when the ship was
about 28,000 £t from surface zero. Some transit redistion was recorded
the following day at extremely low levels.
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17.5.3 Weapons-Test Data for Shielded Locations

1. Vater Surface Bursts

Qperation Castle: Interior-location dose rates were not re-
corded¥ for shot &. At shot 5 (Yankee ), some transit radistion was
received but not separately recorded ™ at unshielded locations on the
YAG-39. Since washdown was operating, some (but not all) of the de-
posit radioactivity was washed off the ship, and thus the dose rates
and doses recorded*Oat various interior locations on the ship were
considered partly (but not entirely) due to transit radiation. Peek
dose rates, which occurred at about K + 5 hr, vere about 1 r/hr in the
interior of the superstructure, O.4 r/hr in the bottom of No. 2 Hold,
and 0.02 r/hr in the starboard boiler. The respective total doses to
12 hr were about 7.5, 3, and 0.15 r.

Operation Redwing: As stated in 17.52, the only unshielded
transit-rediation data at .his operation are those for Shot Tewa; thus
Tews 18 the only shot for which a comparison of shielded and unshielded
transit radiation would be possible. Although the dose rates at var-
ious interior Jocations were recorded, the transit and deposit contribd-
utione were not separated, nor are records for interior locations
explicitly presented. Reference 4l gives ratios of interior dose rates
and doses to total dose rates and doses recorded at the same times on
the weather decks of the target ships. Such ratios are, in general,
less than 0.5.

2. Underwater Bursts

Operation Crossroads, Shot Baker: Although film badges recorded
total gamms exposure doses in many shielded locations, the transit com-
ponent of these doses is not known. Reference 29 estimated that on the
wveather deck, the transit component was about 50%, but at interior
locations, the same reference states that details of badge placement
varied, resulting "in wide variation of doses received by badges sub-
jected to approximately the same rsdiation.” Also, according to this
report, conversion of film density to radiation dose “msy be in error
by as much as & factor of two," and the "influence of shielding on the
badge reesdings is apparently many times the shielding effect which
might be expected from consideration of the plating thickness interposed
between the badge and the exterior of the vessel." Thus, it 1s impossible
to reliably estimate the transit component of the radiation records at
-interior locations at Shot Crossroade Baker.

Operation Hardtack: Radiation histories were obtained on one
ship at Shot Wahoo and on all three ships at Shot Umbrella. Film-pack
doses were also recorded. It is estimated that transit radistion was
responsible for 95% and 984 of the total doses recorded in shielded
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locations at Shots Umbrells and Wahoo, respectively. The preceding
statement ig based on the estimate33 that et least 95% and 98% of the
total dose on the washed decks of the destroyers was due to transeit
radiation from Shots Umbrells and Wahoo, respectively, and the con-
tribution of all other radiation to the total dose at below-decks
locations was of little significance. At Shot Umbrella, doses of

more than 200 r were recorded in many compartments of the two closest
ships (at 1900 and 3000 ft from surface zero). The ratios of doses in
compartments to those on washed weather decks ranged from 0.1 to 0.7
for non-machinery spaces and from 0.02 to 0.2 for machinery spaces.33
The ratioes of peak dose rates showed similar variation. At Shot Wahoo,
doses of more than 500 r were recorded in most compartments aboard the
closest ship (at 2900 ft) and doses of more than 200 r were recorded
aboard the next closest ship (at 4900 ft).

Existing date indicate that, at least under certain conditions, the
transit radiation may contribute the major portion of the nuclear radiation
aboard ship. These conditions occur when (1) yields, water depths, and
burst depths are such that a contaminated base surge forms; and (2) when
the radioactive particulate material formed is of such & neture that the
washdown system is highly effective in preventing shipboard contamination.
Since available data ere insufficient for reliable scaling and extrapolat-
ing transit-radiation effects for any yield or burst condition (depth
of burst and depth of water) it is obvious that methods for theoretical
calculations of such exposures are required.

Operation Wigwam: During the period when transit radiation was
being recorded on the deck of the YAG-39, from 13 to 20 min after burst,
there was no record of deposit dose. The peak dose rates of 300, 150,
and 18 r/nr recorded31during this interval et the wheelhouse, internal,
and deep-hold stations, respectively, therefore may be assumed to have
been due to transit radiation. These interior peak dose rates thus were
found to be 50%, 25% and 3% respectively, of the recorded exterior peak
dose rate of 600 r/hr.

17.5.4 Theoretical Calculations of Tronsit Radiation
for Unshielded Locations

GENERAL

No theoretical models for estimating transit radiation from water-
surface bursts have been developed, but two models are available for
subsurface bdursts. Order-of-magnitude estimetes for surface bursts
are given in Ref. 47, which states "the fireball formed by e surface
shot will vaporize water below it; this water, the explosion products,
end entrained air will form a radioasctive mushroom cloud. Below the
cloud & tenuous stem or column of water will be raised and the column
collapse will probebly create a relatively minor base surge .....
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Certain analyses indicate that the transit dose should be about 10-30
percent of the deposit dose during the period of deposition, the percent-
age increasing with increasing distance from surface zero,"

An idealized theoretical model for predicting peak dose rates and
doses for undervater bursts is presented in Chapter 7 of Refremce 47,
whereas a more generalized model for celculating such histories is
given in Reference 48. The model of Ref. 47 1e briefly described,
followed by & summary of the model presented in Reference 48,

THE MODEL OF REFERENCE 47

In this model, let

ty = time in hours of initial arrival of activity (leading
edge of base surge)

; = time in hours of final arrival (trailing edge)
d = dose rate from airborne activity at any time t
after burst

d, = dose rate corrected for decay to reference time of 1 hr

a4 = dot'l'a, assumed radiocactive decay
do = O for t € t; and for t> tr

dp = 4o (R,0) for t;< t < ty, where R and @ are polar
coordinates of the point with reference to surface zero.
In Ref. 47, for the specific shots under discussion, estimates of do,
ty and ty are plotted as functions of distance R. Then the total
transit dose, D, may be expressed by

tr tr
.2

-1
D=| dadt = dot at

and evaluated by

0 Sdo L t’i 0.2
0.2 T
t
i
For convenience in calculating, the quantity in brackets is also
plotted in Ref. 47,

(17-2)

In this simple model, do may be thought of as resulting from an
average amount of active material distributed through that portion of
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the base surge passing any poin%, in the sense that multiplying 4,

by the assumed decay rate, t™='S, and then integrating from ty to te
glves the correct value of the total transit dose at the point. When
integrated from t; to ty, the expreesion gives an idealized estimate

of the dose-time litistory that smoothes out the effects of nonuniformity
in the actusl values of do. Comparison of some results from Shot Wahoo
with celculated values of dy, the maximum dose rate to be expected from
airborne activity (the value of d at time ti) indicates that the cal-
culated value of dy gives a close estimate of the maximum observed dose
rate. Note that in this model, the maximum dose rate occurs at tj; in
the real case, the maximm dose rate occurs somewhat later.

THE MODEL OF REFERENCE 48

A geometrical model of the bese surge is used as the source of rad-
iation for the theoretical method of calculating transit radiation devel-
oped in Ref. 48. The geometrical and radiological parameters of the
right circular truncated cone used as the model depend on yield and
burst depth, and the model is designed to be applicable to weapon yields
from 1 KT to 100 KT. Surface and near-surface bursts are not covered.
The geometries used are suggested by photographic records of weapon tests
and by theoretical scaling relationships;,”’ but are adjusted to agree
with radioclogical test data. Similarly, the radiological properties of
the model, although guided by simplifying assumptions, are adjusted
after comparison with weapon-test data.

It is noted that this model takes into account only burst depth;
water depth is not considered, although the development of Ref. 49 o
tacitly assumes shallow bursts are bottom bursts. It has been suggested
that the base-surge radii calculated for shallow bottom bursts are
approximately valid for all shallow bursts, but recent data(from Oper-
ation Hydra II)indicate that such an assumption is questionable.
Fumerical calculations required for prediction of dose rates and doses
have been programmed for machine (IBM-704) computation at RRDL.

A. Simplifying Assumptions

The following simplifying assumptions were used in developing
the model:

1. Air ettenuation of radiation occurs but there is no
attenuation by the water droplets that form the base surge.

2. Oeamma-spectrum and buildup-factor calculastions are
replaced by use of an effective attenuation f‘actor,50 a substitution
that takes into account absorption and scattering of gamma rays over
the entire radiation gectrum. (Note that the effective attemuation
factor 1s different from an “average" or 'effective” energy.)

17-41
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3. Activity is homogeneously distributed in the base surge.

L. fThere is no fractiocnation of fission products; therefore,
gamma decay rates used are those for the gross fission-product mixture.

5. Possible deformation of surge by wind 1s neglected so that
the surge has circular symmetry. Beginning at 15 seconds after burst,
the surge moves downwind as a unit at the specified surface windspeed,

u (ft/sec), and at t secagfter burst, the center of the source is located
at a distance u(t - 15) downwind from surface zero.

6. Total activity due to the burst is multiplied by & number @,
0< §< 1, that depends on scaled depth but does net varyswith time. This
essumption is equivalent to assuming that s fraction ¢ of the total act-
ivity 1s the base surge (given conditions 2 to SY and that there 18 no
loss of sc;uzt&by rainout, evaporation, etc.

5
B. Classification of Undervater Birst Depths ¥

A given undervater burst of yield Y (KT) at a depth of & ft is
clasgified as fo;Llovs:49 .

Very Shallow: 21 YY3<a<ys /3

Shallow: 75 yY/3<ac2to yI/¥

Deep: 2bo ¥/% < ges00 YL/

Very Deep: 600 Yl/h <a
Near-Surface shots, 0<d <2l Y!/3, are not covered by the model of Ref. 48.
Figure 17-9 (from Ref. 49) shows the categories for 1 to 100 KT. Weapon
tests falling in the four categories used are:

Very Shellow: Crossroads Baker

Shellow: Herdtack Umbrella

Deep: Hardtack Wahoo

Very Deep: Wigwam
Table 17-2 gives the ylelds and depths of these shots.
ical interpretation of the classification, from Ref. 49, is
as fg?ioeﬂs P ! ’

Near-Surface bursts are those that are 8o shallow thet the layer of
water above them is vaporized by the explosion. The phenomena of this
type of burst and the mssociated hazards ere unknown. The radioclogical

AEST AVAILATZLE COPY
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Figure 17-9. Classification of underwater burst depths.
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hazard of the base surge is considered unimportant compared with air-
blast and fallout hazards from bursts in this category.

Very-Shallow bursts are those for which the bubble breaks the sur-
face during the first cycle while bubble pressure is greater than
atmospheric pressure, causing blowout of fission products.

Shallow burste are those for which the bubble vents during the first
cycle, but at a time when bubble pressure has dropped to atmospheric
pressure or less.

Deep bursts are those for which the bubble cormpletes at least one
oscillation (expansion and contraction) before breaking through the
surface.

Very Deep bursts are so deep that the bubble breaks up before
reaching the surface. The minimum burst depth for this category is
taken as that at which the bubble completes three expansion-contraction
cycles before breaking through the surface.

Although the physical category into which e burst falls may be
influenced by bottom depth as well &s burst depth, the influence of the
bottom is not considered in this model. For bursts close to the
dividing line between two categories, it is suggested48 that an
appropriately weighted average of the results for these categories be
used.

C. Base Surge Forms

The two geometrical forms of the base surge used in the model were
suggested by photographic and rediological data, and are shown in Fig.
17-10. It is emphasized that the geometrical forms used for computation
purposes, which yleld transit-dose-rate and dose values in egreement
with test data, are not necessarily the actual visible shape of the
surge.

Very Shallow and Shallow. The form is & right-circular hollow
truncated cone, with the lower interior angles of both inner and outer
faces equal to 7O°. The inner radius is taken as 2/3 of the outer
radius.

Deep and Very Deep. The form is & solid right circular truncated
cone with the lower interior angle of the face equal to 60°.

In both forms, the height of the base surge, 2, as & function of
time t (sec) is the same:
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A

180
Y 1/6
Z= aooo[-m) , t>2h0

1/6 1/6
t - 60 Y 50 Y
2 -[moo + x 1ooo] (-ﬁ = = [t + 120]‘?6‘ , 60t <240

(17-3)

The expressions for Z were suggested by inspection of data from
Operstions Wigwam and Hardtack. They are used here for all depths

of burst in the ranges under consideration. Actually, of the two
Hardtack shots considered, the shallow one (Umbrella) produced a
somevhat higher base surge. One would expect that decreased burst depth
for a given yield generally would result in increased surge height,

as long as the shot remained below the Near-Surface category. However,
the scatter of height observations at each of the Hardtack shots is so
great that no attempt has been made to scale height with yield or depth.

D. Scaling of Base Surge Size

Several dimensionless expressions are used in Ref. 49 for scaling the
base-surge redius R, (ft) at time t (sec).

For Very Shallow and Shallow bursts:

R
Rge = D;;x_l 5 tse =[D;E§Jt /2

vhere R, (dimensionless) is the scaled {or reduced) radius, Dpay (ft)
is the maximum diameter of the column of wi}sz)- produced on the surface,
ft .

and tge is scaled time in terms of (sec/ The maximum diemeter
of the water column, Dgax, can be expressed in terms of yield ¥ (KT

and/or scaled burst depth dge.
For Very Shallow bursts: D ., = 710 !l/3

For Shallow Bursts: Dpay = 377 ¥1/3 dscl/6

a
vhere d,. = m Ry
For Deep and Very Deep bursts: R,. = A HE P I/

where Amax (ft), the meximum radius of the bubble produced by the burst,
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can be expressed in terms of yleld and burst depth:

_ 1500 y*/3
mAX !d + 33/3
(The number 33 represents atmospheric pressze at the surface in fi of
water; thus, d + 33 represents hydrostatic pressure.)

Values of scaled base-surge radius and scaled time for the four
underwvater test shots, based on visual extent of the surge, are given
in Teble 17-3, reproduced from Ref. 49 , which contains a discussion
of the principles of scaling used. The following expressions for
scaled radius were developed by graphical methods of fitting to the
values of Table 17-3, and the application of correction factors to
bring calculated dose rates into agreement with observed ones.

\
Very Shallow and Shallow: R,. -[5.85 logig (tge + 0.73) + 0.802]0.

Deep: R, = f16.7 logyg tge * 454 Cp, )
Vez;! ME: B.c = [7032 mlo (t’c - 1) + 7'83] c. (17-4)

The term C, which has the value 0.8 is the correction factor applied
to bring calculsted dose rates into agreement with observed ones. The
value indicates that the "radioclogical" radius of the surge is less than

the visual photographic radius.

E. Radiological Aspects of the Model

1. General Characteristics

The radiological characteristics specified for the model in-
clude source strength, activity distribution, and sir-stter.ation
behavior. In the model, the source is homogeneous. Source strength
is proportional to yield, Y. Energy emission rate is that of un-
fractionated fission products. An "effective attemuation factor"0
i, for air attenuation is used in dose-rate computation. Dose-rate
computations for a given point are made at 15-sec intervals, starting
at 30 eec after burst. Dose is camputed from these dose rates in
15-sec increments. The model predicts excessively high dose rates at
times earlier than 30 sec because only air atteruation is considered.
At these early times, attenuation by water thrown up by the explosion,
or inhomogeneities in the distribution of radiocactivity, which have
been ignored, probably accounts for much of the difference. These early
dose rates probably make a significant contribution to the total dose
only in the region near surface zero where other weapon effects,
especially undervater shock, are of dominating importance.

BEST AVAILABLE SOFY
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Table 17-3. Scaled base surge dota.49

Baker and Umbrella Wahoo Wigvanm
/(Dax )2 | R/Dax | t/ (Amax )2 | R/ Apax t/(Am)ll.? R/A.

N | ~ L

2. Calculation of Dose Rates

The dose rate, 4, due to transit radiation, is calculated by
means of the expression,

d=kIr/hr (17-5)
wvhere k = 1,703 x 10-6 r/hr per Mev/cm2-sec, a constant that includes

the energy-sbsorption coefficient, u, (assumed to be

3.35 x 10°2 em~1 average for radiation of energy from 100 Kev
to 2 Mcv), and constants for converting Mev/em3 sec to r/hr

i LT AV ALAZLE COPY
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and
1 2 o
I=<NJ, Mev/co® -sec (17-0)
vy
= the gamms intensity per unit aree (energy flux density) at
the point of measurement, P
where % = the effective free mean path, plotted on Fig. 17-11 reproduced
¥ from Ref. 50. (The effective meen free path is an empirical

figure that takes into account buildup factor.

N= %;J%?- dV, and represents the ratio of (1) the dose rate at P

due to the given source, to (2} the dose rate that would be
measured at a point within an infinite volume with the same
source density. (In the expression for N, all distances are
expressed in units of effective mean free path.)} For points
on the water surface, O£ N€0.5. (The 0.5 value corresponds
to & base surge with & semi-infinite volume.)

*Three types of buildup factor, corresponding to the three types
of epectra (photons, energy flux, or dose rate) may be defined by
the equation expressing the ratio of total (scattered and unscattered)
to unscattered numbers of photons, energy flux, or dose rate. The dose
rate (or dose) buildup factor is:

diy + dig

B =

u

vhere d4, represents the dose (raete) from unscattered radiation and
dis represents the dose (raste) from scattered radiation.
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V = volume of the base surge that corresponds to the buret condi-
tions considered (expressed in effective-mean-free-path units).
X = distance from P to element 4V of the source of radistion,

measured in effective-mean-free-path units.

Jo = volume source density in Mev/cm3 -eec.
Values for J, are calculated by evaluating the expression

. 3
Jo - Y(1.5 XV102 )E(t) PEV/Cm3 —sec (17-7)

wvhere

¢ = the fraction of the total fission-product activity that
ig in the base surge. It hag been assigned the values
ghown in Table 17-4 for optimum agreemert with test

data.
Y = weapon yield, in KT
V = bage-surge volume in cm3

1.5% 1023 - the number of fissions per kiloton of weapon yield

E(t) 51

the energy emission rate of the rission products

2.78 t'l'23 - 2.1 1;'1'“5 Mev/sec-fission (17-8)
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48

Table 17-4, Fraction of fission products, ®, assigned to base surge.

Class of Burst ¢
Very Shallow P
10
1
Shallow b
1
Deep =
3
1
Very Deep =
10

For Very-Shallow and Shallow bursts, the volume for the “hollow"
base-surge geometry can be expressed

Vg = KZ[(R]_ - Rp) - Zcot a] (Ry1 + R2) (17-9a)

For Deep and Very-Deep bursts, the volume for the "solid" base
surge geometry can be expressed

Z -
Vg = %’[ 3.R§ - 3RjZcot a + ze cota Q] (17-9b)

where (see Figure 17-10)

Z = height of baee surge

Rl- outer radius of base surge

Re- inner radius of base surge

a = interior angle between each face of the surge and the
base, or water surface.
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For Deep bursts at increasing scalled depthe approaching the Very Deep
category, the transition between the two corresponding values of [
will have to be determined by additional theoretical or experimental
work. :

Complete derivations of the mathematical forms of N for both deep
and shallow bursts are presented in Reference 48. Summaries of the deriva-
tions are presented in the following paragraphs, along with Equations 17-10 to
17-12, which are explicit expressions for N. The dose rate, d, due to transit
radiation from underwater bursts, can then be calculated by the substitution
into Equation 17-5 of Equations 17-6 to 17-8, the appropriate form of Equation
17-9, and the suitable value of N as expressed by Equations 17-10, 17-11 or
17-12. Such calculations have been machine programmed at USNRDL.

(1) "Deep" Geometry

Coneider & solid truncated cone, (Fig.l17-10) of radius Ry,
height Z, interior angle O between face and base, with the base centered
at O0; and & receiver at point P in the plane of the base at a distance
S from the axis of the cone. Then,

Vr2 + z2
N = 1/bx ,]:/:_ TR areaar

r2 + 22

vhere cylindrical coordinetes are used with center at P, z-axis
parallel to exis of cone and polar axis PO, and the integration is
over the volume of the truncated cone. (All distances are expressed in
mean-free-path units.)

To facilitate computation, the z-integration is replaced by &
finite summation over n increments Az where n Az = Z. let 24 be the
midpoint of the 1P increment: z; = (21 + 1) 2. In effect, the

2n

truncated cone is replaced by a set of n circular disks of thickness
z/n and of radius Ry - z3 cot @, 1 =1, 2, ....n. Then,

_Vﬁ-ziﬁ
n e
= 1 rdodr.
N /"“ﬁ i}.:alz/nfjo. r2+z12
r

The value n = 10 waes used in computing base surge dose rates. There are
2 forms for the integral depending whether S <R, - zy cot q, or

S 2R) - zy cot @. There are thus 3 cases for the summation over the
entire volume:

oy = c0PY
BEST A AL Bl lely

17-53

N e e p = e




DNA 1240H-2

l. S<R, - ot Q.

Zc¢
n
*13‘ N {x {El (24) - El{V(Rl - 24 cot a- 8)% + ¢4° ]}

Z

K~zn
R,~z,cotoS r——=3
i 2 2

r 2y r2+52-(Rl-zicow)2

= 17-10)
+ 5 5 T arc cos 5 8 ar (

2. 8>R1. Using similar procedures,

S + (Ry-z5 cot @) _ V2, ,‘12
,Imf-l e
2 + 2
r 2,

S - (Ry-z,.cot a)

2
2 + 82 . (Ry - 24 cot a)

2r S dr (17-11)

arc cos

3. R, - Z cot a«S<R. Equation 17-9 epplies to ail terms in the
summation from 1 = 1 to the largest { such that S<R, - ¢, cot O.
Equation 17-10 applies to all terms in the summation }rm {he smallest

i1 such that S>—Rl -z, cot ato i = n.

(2) “sShallow" Geometry

Coneider a hollowed-out truncated cone (Fig.17-10) with outer
and inner radii R; and R,, height 2, interior angle a between each face
and base, and a receiver in the plane of the bdase at a distance S from
the axis of the cone. let the coordinate system be the same as in the
deep case. Then, if the dose-rate ratio N for the solid truncated cone

of the deep case is N(Ry, 2, a, S), .

N=R (Rl' Z, q, 8) - N (RQ, 2, x - a, 8) (17-12)

for the hollow truncated cone.
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17.5.5 Theoretical Calculations for Shielded Locations

It is desirable to know the interaction of a ship's structure with
traneit radiastion in order to determine to what extent a ship will
shield personnel from such radiation. Comparison of topside and below-
decks weapons-test transit-rediation data which have been obtained
simultaneously could provide such information. However, test data on
below-decks transit-radiation exposures are insufficient to permit
extrapolation to exposuree from bursts of any yield and for any burst
condition. Therefore theoretical methods of estimating such expcsures
or of calculating ship-shielding effects are necessary.

A below-decks transit-radiation exposure is due to the transmission
through the ship's structure of gamma rays emanating from the airborne
radiation sources surrounding the ship. To predict such exposures, it
i necessary to know the source characteristics and the shielding
effectiveness of the structural components of the ship. This
effectiveness is a function of the amount and type of material between
the point of interest and the external readiation source, the source-
shield-receiver geometry, end the energy spectrum of the gamma radiation
that composes the radiation field. Effectiveness, defined in terms of
the shielding factor, is a dimensionless ratio of the gamma dose rate
at the point of interest to that at a point of measurement in the ex-
ternal radiation field above the point of interest. A method has been

(’ developed for calculating the shielding factor without knowledge of the
- actual below-decks dose rate. Thus, it 1s possible to estimate the
radiation attenuation at any below-decks location, or to calculate the
dose rate st that location as the product of the shielding factor for
the locstion and the topside transit-radiation dose rate, if the latter
dose rate is known.

Present information is such that neither topside transit-radiation
dose rates nor base-surge characteristics expected from water-surface
bursts can be specified, since they have never been observed, as was
noted in Section 17.52. Therefore, it is not feasible to calculate
theoretically below-decks exposures due to such bursts. However, transit-
radiation exposures from three underwater bursts have been measured,
§Section 17.5.2) and the base-surge radioactive-source characteristics

the primary source of transit rediation) have been defined, with
limitations, for underwater bursts, in general. In addition, a base-
spurge model exists (Section 17.54) that, for practical purposes, pre-
dicts topside exposures that agree with available data from underwater
bursts. Therefore, it has been possible to develop theoretical methods
for calculating below-decks transit radiation exposures for such bursts.

The general problem of computing ship-shielding factors involves:

(1) specification of the geometric configuration and the rasdiation
\WALASLE COPY
C‘\ QEST 4’%\Q!.;‘k'ldirr % -"}'i-
)
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energy spectrum of the radioactive sources; (2) specification of the
major ship characteristics, particularly the shielding configuration
for the point considered and the nature of the shielding materials; (3)
development of methods for computing the interaction of the radiations
with the ship.

Pasically, the method presented of calculating ship-shielding factors
for the transit dose (from a volume radiocactive source surrounding the
ehip) is & point-by-point calculation. The radioactive source region is
considered to be made up of an aggregate of point isotropic sources. The
dose rate {rom each source is calculated at @ given location by computing
the radistion attenuation along the entire peth length, and the total
dose rate is found by summing over sall sources. All the energies in
each source spectrum as well as all the sources must be summed. In
practice, the summation process 16 replaced, to whatever extent poss-
ible, by integration.

The theoretical development of ghip-shielding calculations 18 based on
an idealized concept of the interaction of rediations with a ship. The
expression of the shielding factor for the transit dose weas developed
from the expression of dose rate due to a point source. For a point
1sotropic source emitting 1 photon/second of energy Ey (Mev/photon), the
exposure dose rate dy (r/nr) et a distance x (cm) from that source ina
homogeneous medium can be expressed by:

TPE S
k gy Eg By €1

aq =
1 Lisrx©

r/hr (17-13)

vhere k = a factor to convert Mev absorbed in a an3 or gm of the
pedium per second to r/hr.

If up 18 in units of em -, k= 5.086 x 1072 r/hr per kv/cm3-ec
If Mp is in units of cm/Em, k = 6.6 x 10°5 r/hr per Mev/gn-sec

Has = the energy-absorption coefficient for air corresponding to the
quantum energy Ei

By = the infinite-medium dose buildup factor'
By = the linear total absorption coefficient for the medium.

Then the exposure dose rate d (r/hr) at the same distance X (em)
from e point isotropic source emitting ny (photons/sec) quanta of energy
E, (Mev/photon) in a homogeneous medium can be expressed as the sum of
t111e exposure dose rates due to all the enpitted energies:

*This buildup factor is defined as the ratio of the dose from both

unscattered and scattered radiation to the dose from unscattered
radiations only.
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d = k;u n, EBe "¥*
Al"1 T4
Trx? r/hr
We can define
= k&mni}:i = L (&), r-co’/nr (17-14)
and (do)y = £4 (do) (17-15)

where do = & symbolic dose-rate measure of source strength.

f4 = the fraction of &, due to the source energy Ej-

Goldstein and Wilkins 32 present & method of calculating the deep
penetration of photons in infinite homogeneous media for point-isotropic
or infinite uniform-plane mono-directional sources. This "Moments"
method employs a different dose buildup factor for each energy and medium.
Because of their complexity, the calculations were performed on a computer
end the results are presented in both tabular and graphical form in Ref.
52, Differential energy spectra for point-isotrope and plane monodirec-
tional sourcee for verious energies from 0.5 to 10 Mev and for pene-
trations up to 20 mean free paths in several medias, as well &s bulldup
factors, are included.

(j To determine the exposure-dose rate and the shielding effectiveness
of a ship at & below-decks location when the ship is enveloped by a
base surge, the unshielded dose rate due to & monoenergetic point
source (Eq.17-13) must be extended to represent the corresponding dose
rate due to a volume source, and then must be modified by a factor that
accounte for the sttenuation of the dose rate by the shielding afforded
by the ship's structure. Finally, it must be summed over all emitted
energies. The theoreticel method that has been developed at NRDL for
this purpose is based on an idealized concept that considers the ex-
posure point shielded by & slab from & semi-infinite volume of uniformly-
distributed radiocactive point sources. The basic slad geometry con-
gidered in the mathematical derivation is that of a circular truncated
cone, and rmumerical techniques are used to convert results for eircular
slabs of radius R to rectangular slabs that give the same dose-rate re-
duction. The conversion technigue is explained in Ref. 53.

The basic dose-rate equation for the monoenergetic point source can
be extended to express the volume-source case; that is, to express the
exposure-dose rate at & perpendiculer distaence h below a slab of finite
thickness and infinite extent, while an 1nf1nite radiocactive volume
source sbove the slab is emitting n (photons/cm -sec) quanta of energy

(:5 1757

e e e+ ——— ————— . e e e s . P e e i T P e P AP, iy S A% FT@ TmCwt i Sm ST Tt W



DNA 1240H-2

Eo (Mev/photon). The procedure 5 as follows:

oo
Be'(“-x)' av

o +/br (17-16)

dp o = KpoNE,

o]

"

wvhere nE, = the source strength in units of Mev/'cm3-sec :
and x = distance (cm) from the exposure point to the incremental
element of volume, dV

HyXytuox, where x; is the path length in air, xp 1s the
path length in the slal, and each uy is the total linear
absorption coefficient for the corresponding medium.

fux )

B =3B [Eo' (u.x)'] is the dose build up factor, as defined for
Equation 17-13.

Further, doy, & symbolic dose-rate measure of source if.rength may be
written: $

dy = kupnE, r/hr-cm (17-17)

Note the difference ir units for dg from a volume source (Eq. 17-17), and
from e point rource (Eq.17-14). When the concept is used for a plane
source in 17.65, dy will have the units r/hr. This results from a

difference in the significance of n, which has the units photons, gﬁ_}.ﬂnﬂ
sec cm-sec
and photons respectively. (See also footnote after

cme-sec Equation 17-27, Section 17.6.4.)

Then the exposure dose rate at the exposure point shielded by a
slab of infinite radius is defined by:

ooz dof g AV r/hr (17-18)

However, ships are not infinite in extent. The slab of shielding
represents a ship's ctructure above the exposure point, and, in general,
is composed of e number of slabs of different sizes and thicknesses
{corresponding to & ship's decks and pieting and determined by the
location of the exposure point). Therefore, the slab must be bounded,
and for the idealized conditions of the problem, the individual slabs
are congidered contiguous and are treated as a single wvhose total
thickness equals the sum of the thicknesses of the individual slabs.
Although the shielding slabr are rectanpular, it was found more feasible
to calculate the shielding effectiveness in terms of circular slabs that

BEST AVAILABLE COPY
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provide the eame shielding. Factors for converting circular slabs to
equivalent rectangular slabe are presented graphically in Ref. 19.
Further, it is necessary to integrate cver the source region to find
the exposure dose rate for any constant thicknees of absorber.

It was found possible 53.% to express the results of Goldstein and
Wilkins for the dose buildup fector, B, of EqQ.17-13, for any given medium
and quantum energy, by an expression of the form.

B=|1+a(ux)+ b(u-x)a] ec(wx) (17-19)

The constants, a, b, and ¢ may be related to the quantum energy E, and
evaluated for various media. Values of the constants for bulldup in
iron and air or vater are given in Ref.55, Table 2. An expression of
the form of Eq.17-1Y makes it possible to integrate over s source region,
gince the buildup factor has analytic form and the resulting expression
is integrable. The integrated expression for exposure dose rete due to
sources distributed in a volume of air or water beyond the surface of a
circular sleb is given in Ref. 54. For simplicity of notation, the in-
tegral forms will be used in the remainder of this discussion.

Then the dose rate at an exposure point shielded from the volume
source by a finite circular slsb of radius R may be expressed:

- (x)
Be av
dnR = 4 o (r/nr) (17-20)

Explicit calculation of the dose rate at a shielded location in
every case involves knowledge of the source strength, d,, & quantity
that may not be known. However, the shielding effectiveness of the
location is expressed in terms of an asttenuation factor, or shielding
factor, representing the ratio of dose rate at 8 shielded location to
that at an unshielded location (epproximately over the exposure point
and usually considered to be 3 ft above the slab (deck). In such ratios,
the source strength, d,, cancels. Although shielding factors do not
provide actual dose or dose-rate values for below-decks locations, it
is fregquently desirable to evaluate the shielding factor for a given
location to determine the degree to which the ship's structure would
attenuate transit radistion. The following ratios are used in practice
to evaluate the shielding factor:

TEST AVAILASLE COPY
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4 da d d
hR h e=<> hR . 3R
SFeg—= =g *3—| - 17-21
d3R [do ho-f‘] - Yo (17-21)
where d; _, do, and dpp are defined in Egs.17-16,17-18, & 17-2, and
d3R’ the dose rate at & point 3 ft above the finite sladb, may be

expressed:
R )
pe- ()
a3k = do - (r/nr) (17-22)

o] ha -2

It ie apperent that, when Egs.17-16to17-19, 17-21 and 17-22 are used,
the dose-rate ratios have the following eqQuivalences:

o~
dhe _ pe” ™)' a4y (cm) \
a4 RETCAN

(R o]
Be (x) av
2
dnR o S (17-23)
dhe.. | >
Be"(l-lx)'
(© ’
i |
d - '
SR o), (cm)
o b»xxe h

= -3 )

Reference 54 presents curves of the quantities needed to find the
shielding factors for various h and R values. Note that Reference 54
uses the following symbols:
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I__ instead of A oo

I instead of dpR

1 instead of 4,

(o}

The computation of dhR in general involves three steps: (1) the
calculation for radistion received from sbove (through the decks);
(2) and (3) the radiation coming through the sides of the ship. 1In
the present method, actual deck and bulkhead thicknesses measured
from ship's plane are multiplied by an empirical factor of 2 to take
into account machinery and piping.

The evaluation of the integrals of Eq. 17-23 for all the energies in
the source spectra would be an exceedingly lengthy task, even when
machine-computed. It hae been found practicable to minimize com-
putations by replacing the large number of energies {(as many as 171)56
actually present with "pseudospectra" derived from the fiseion-product

spectra.57 The pseudospectra for given times after fission and a gtven
radiation-source configuration consist of only 5 energies: 0.25, 0.40,

0.75, 1.25, and 2.75 Mev. Each of these energies is weighted in such
a way for each time, as to give virtually the same attemiation
(ebsorption and scattering) as the more complex ectual spectrum would
give. The weighting fractions for the five (5) energies and for three
(3) times after fission (70 sec., 1.12 hr, 23.8 hr) and for iron and
air or water are given in Ref. 57. The details of the theory and
method of evaluating the integrals are presented in Ref. 53, along
with the limitations of the results of the calculations. It is pointed
out in Ref. 53 that the major limitations erise from the use of a
buildup factor to account for the dose-rate contribution of photons
gcattered one or more times in the attemiating medias before reaching
their receiver. The calculations of unscattered flux are exact, but
the calculations of scattered flux rely on the infinite-medium buildup
factors of Goldstein and Wilkins.3Z These buildup factors are stated by
the authors to be accurate, probably within + 10%. However, in this
method of calculating ship-shielding factors, they are applied to
finite media, and it is assumed that slabs that are actually separated
(as ship decks) behave in the same way, with respect to attenuating
scattered radiations, as a single slab having the same total thickness.
It is estimated that the errors in the slab calculations will be small
compared to the uncertainties and errors introduced in attempting to
idealize the ship structure, the geometry, and the characteristics of
the radiation sources.
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Results of machine computations have been plotted graphically to
permit evaluation of the ratios of Egq. 17-23 for a range of slab
thicknessec and exposure point locations. These graphs are given
in Ref.54 for the five (5) pseudospectrum energies, along with the ratios
that permit conversion of circular to equivalent rectangular slabs.

To illustrate the results of shielding calculations from airborme
activity, Figs. 17-12 to 17-15 (reproductions of Figs. 7 to 10 of
Ref.55) are included. The shielding factor is plotted vs total deck-
plating thickness for a number of locations wittdn USS RANGER (CvA-61).
The monoenergetic calculations have been weighted in accordance with
the pseudospectra for unfractionated U-235 fission products at 70 sec
and 1.12 hr after fission. Two sets of calculations were made for each
time, one set using only the nominal plating thicknesses (t) to give a
minimal estimate of the shielding, and the other set using twice the
plating thicknesses (2t) to give expected shielding factor values. As
indicated in Ref. 55, for airborne activity a considereble portion of
the incident radiation penetrates through the side of the ship rather
than through the weather deck. Therefore, the correlation of shielding
factor with total plating thickness overhead is not an accurate measure
of the radiation attenuastion. However, it represents the best yardstick
currently available,

17.5.6 Effect of Geometry ot Unshielded Locations

No data are available either from water-surface bursts or the
earlier underwster bursts to establish experimentally the effect of the
geometry of the ship or of the aerocsol on transit-radiation levels at
unshielded locations. However, analysis32 of shipboard data {rom the
Hardtack shots "indicates that the ship's superstructuie has a de-
tectable influence on the total gamma dose.... Because of the paucity
of GITR data, the analysis was based on doses registered on film packs"
(fixed at various locations in the ship). Furthermore, "the gamma re-
cords resulting from the passage of airborne radiocactive material are
sufficiently characteristic that records from shots Wahoo and Umbrella
can usually be distinguished by inspection, particularly at downwind
location.” The differences in the records are due to differences in
the geametries of the base surges resulting from the two shots.

Film packs were located at various frame numbers, on both sides of
the ships (toward and away from surface zero). According to Ref. 32,
plots of film-pack doses ve frame number, for both shots, show a
fairly consistent difference between film pack doses on the opposite
sides of the closer ships, a difference consistent with the attitude
of the ship. In general, film packs on the side of the ship toward
surface zero registered significantly higher doses than those on the
slde away from surface zero. In addition, the same plots give a char-
acteristic curve shape for each ship, regardless of the ship's attitude
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or distance from surface zero. The regularity of the curve shapes 1is
definite evidence of superstructure effect. It was found that "the
total solid angle of unshielded base surge subtended by an absorbing
volume bears a direct relationship to the total dose received." The
average of film-pack doses for the platform film packs, and even for
completely unshielded positions on the superstructure decks is high,
because of the large solid angle subtended at the films due to their
elevated positions. Where even a relatively thin eection of the
superstructure subtended more than 10% of the total solid angle (at
the film), an epproximate shielding factor wes estimated, using the ghip's
plans and & gamma energy of 1 Mev. The calculation of shipboard doses
from free field isodose contours requires the use of "conversion
factors' that compensate for superstructure shielding. Such factors
were calculated from film pack and GITR data for exposures aboard the
target ships at Shots Wahoo and Umbrells, and are given in Teble 3.33
of Ref. 32. The individual factors vary from a low of about 0.15
{for an exposure dose at frame 100 along the centerline of the super-
structure deck of the DDiT4 for Shot Wahoo) to a high of 1 for an
exposure dose between frames 120 and 130 on the superstructure deck of
the DD592 at Shot Umbrella. The average variation of the factors (on
the same ships) from the mean for both shots lies between L% and 1k%.
It is suggested in Ref. 32 that use of the conversion factors may be
extended to inner compertments, but that it is impossible to estimate
the true accuracy of the procedure; therefore, the conversion factors
) should be used with caution, particularly in the case of moving ships.
(j' Conclusions state that & reduction equal to a factor of 2 or greater
’ in weatherdeck dose, due to superstructure shielding, was observed at
certain locations.

The different geometries of the base-surge radiation fields for the
two shots were responsible for the differences in gamma dose-rate records.
Interpretation of the photographic data49 indicates that at Shot Wahoo,
there were probadly both a primary and a secondary bese surge. The
passage of the two surges csused numerous significant peeks in the
dowrwind dose-rate histories.>2 The Shot Umbrella base surge appears
to have formed a single ring relatively clear of airborne radiation
material at its center,49 and in most cases the Shot Umbrella records
contain a esingle high peak in dose rate followed at a %}ter time by
a prolonged and relstively low increase in dose rate.3¢ The dif-
ferences between the Wahoo and Umbrella records indicate that depth
of burst has a pronounced influence on the radiation fields produced,
but it is impossible at this time to extrapolste from these two doc-
umented caeses to predictions of effects of bursts at other depths,
particularly since more pronounced differences probably occur as the
depth of burst epproaches zero. However, this effect has been taken

into account in an approximate way in the base-surge model discussed
in Section 17.5.4, The Model of Reference 48.
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17.5.7 Effects of Transit Radiation on Electronic Equipment

It was decided to investigate the effects of transit radiation on
electronic equipment because wveapon-test data indicated that initial
radiation might affect such equipment. Experiments carried out at
USNRDL™ indicate that malfunction of certain electronic equipment is pro-
bable and failure of the equipment ic possible, as & result of exposure to
high-level transit gamma-rediation. Components, such as photomultiplier
tubes and semiconductors, were irradisted with laboratory-produced gamma
rays having simulated intensity-time characteristics of the base surge of
Shot Wahoo. It was determined that, in particular, semiconductors of the
germanium type were significantly affected by doses of about 2000 r del-
{vered under such conditions. It was concluded from the laboratory
experiments that, for equipment currently in use {designed 4-5 years ago
when transistors were used conservatively), complete failure is not likely;
however, reliability and accuracy may be reduced as a result of such gamma
irradietion. No quantitative assessment of the extent of the reduction
is avaiiable at this time. It has been further estimated that, in some
cases, the more completely transistorized equipment manufactured currently
rnay fail compietely. FExamples where such dangere occur are in those
eircuits where exact frequency control is essential, where diode-controlled
reference voltages must be maintained accurately, and where high-impedance

circuitry is used.

17.5.8 Summary

No weapons-test date exist upon which to base conclusions regarding the
gamma dosec rates due to transit radiation st early times after water-sur-
fuce nursts. The tarpet ships that were sent into the fallout areas at
the surfece-burst tests did rnot contact any contaminant earlier than an
hour after detonstion, by wnich time any base surge (if it existed), the
major source of transit radiation, would have completely dissipated. Dur-
ing fallout, at an hour or more after detonation, the transit-radiation
contribution to the total recorded weather-deck dos> was estimated to be
of minor significance, particularly in comparison with the deposit dose on
a ship not protected by washdowr.

Data from Shots Wahoo and Umbrells indicate that on ships with the wash-
down system in operation, for underwater bursts that break through the sur-
face with no more thar one bubble expansion, radiation doses were due
primarily (between 95 and 95%) to transit radiation. Doses from 300 to
1000 r may be expected within the first 15 min after burst at completely
unshielded locations on the westher decks of ships that are stationary
from about 2000 ft upwind to about 9000 ft downwind of surface zero. At
some weather-deck locations, the superstructure affords sufficient shielding
from base-surge radiation to reduce the free-field dose by a factcr of
2 or more. Deta also indicate that the transit-radiation doses at telow-
decks locations in destroyers may vary from about 2% of the weather-deck
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dose to as high as 70% of the weather-deck dose for a well-shielded
location, and for & lightly shielded location, respectively.

No theoretical models have been developed for estimating transit
radiation from water-surface bursts, primarily because the early phenomen-
olomy of such bursts (that ie, the magnitude and distribution of activity
in the base surge) has never been reliably defined. Several theoretical
models have been developed for estimating transit-radiation dose rates
end doses from underwater bursts. The "radioclogical model" presented in
Section 17.5.4 does not define the actual physical shape of the base surge,
but use of the model does permit approximate calculation of transit-rad-
iation doses &t any specified surface location, for underweter bursts of
l-to 100-KT yields. Calculated results are in good agreement with
measurements taken at Shots Wahoo and Umbrella. Several methods of
calculating gamma doses at shielded locations have been developed, and
the method referenced in Section 17.5.5 is one of the most recent. Cer-
tain features of several earlier systems are incorporated, along with the
latest theoretical efforts to account for the spectral distribution of the
various energies at the exposure point and for the scattering character-
istics of the various energies involved and the medies penetrated.

Experiments have been carried out recently at USNRDL, to investigate
the penetration of an aircraft carrier by a distant gamma-ray source.>
Doses were messured in many below-decks spaces of a light aircreft
carrier, using & Co60 source with various angles of incidence at dis-
tances of 80 to 100 ft, to simulate the radiation from a base surge.
Such experiments permitted measurements of the attemuation of the gamma
radiation, by ship shielding. No comparisons have yet been made between
these experimental results and theoretically calculated results.
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17.6 DEPOSIT RADIATION
17.6.1 Introduction

"Deposit radiation” was defined Sec.17.32) as "the radiation
due to rediocactive materials, particularly radiocactive fallout pert-
icles that mey deposit on & ship's exterior (or some interior) sur-
faces." Deposit radietions include both gamme rays and beta particles
emitted by the radioactive deposited material, and may also include
gamma rays emitted from neutron-induced activities. Assessment of the
effects of the gemma radiation is based on the dose or time-integrated
dose rate received at the exposure point. Thus, &ll available weapons-
test data on residual gamma-dose and dose-rate can be of value either
(1) in devising scaling techniques or (2) as guidance for calculational
techniques that would permit estimation of either gamma dose or dose-
rate histories due to deposit radiation at various ranges from surface
zero for detonations of any yield. Beta particles have only & limited
renge in eir (up to about 10 ft), and the range decreases so rapidly
with increasing density of medium traversed that the average distance
a beta particle of given energy can travel in water, wood, or body
tigsue is roughly 1/1000 of that in air. Thus, there will be no trans-
mission through the steel of & ship (of still greater density than
water or wood) of the beta particles emitted by the deposit radiation.
However, beta radiation can affect personnel if beta activity 1s deposited
on the ekin or ingested. Those effects of beta radiation will be considered
in Chapter 18, where radiation effects on personnel are discussed.

Deposit gamma-radiation dose and dose rate are functions of the
photon energy emitted by deposited radicactivity. This emitted energy
wvill depend on the time after burst and on the composition of the
depoesited meterial, which may differ not only with weapon composition,
but also with the location of the detonaticn point with respect to the
water surface. Furthermore, the amount of deposited activity remaining
on board & ship will depend on whether shipboard countermeasures, such
as washdown, are used, and on the effectiveness of the countermeasures
for the particular deposited material.

It is expected that the deposited radiocactivity from a true sur-
face burst (at the surface of deep water and with no ship involvement)
would result from (1) "slurry" fallout droplets composed of water, sea-
salt, and weapon materials, and perhaps (2) some contaminated droplets
from the base surge. Evaporation of such fallout probably would leave &
residue invisible to the uneided eye.

A1l avallable date on fallout from water-surface bursts are for
barge shots over comparatively shallow water, which are not true water-

surface bursts. Droplets of slurry fallout from all the barge shots
have been emalyzed,f‘O and as & result of the analysis have been defined
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as "drops of saturated solution of sodium chloride in water, containing
in suspension crystals of sodium chloride and small radioactive spheres
....Tanging in size from about 50 to 250 microne in dianeter." The
analysis has also indicated traces of sea-bottom material and iron and
coral ballast from the shot barge.w Mowever, these insoluble materials
appeared in sufficiently minute Quantities that the fallout could still
be charscterized as slurry (expected from water-surface bursts) and not
as solid-particulate contaminant (characteristic of land-surface bursts),
wvhich leaves a visible residue.

The deposited material from underwater bursts in deep water is ex-
pected to be very similar to that from wvater-surface bursts. If the
burst involves s ship, the fallout particles would probably include
vaporized ship materials, while if the burst were in shallow water,
ocean-bottom materials would be included in the fallout particles,
which might leave & visible residue. Tests have indicated®! that wash-
down removes the "wet mist” type of fallout more effectively than the

particulate type.
17.6.2 Weapons-Test Dato for Unshielded Locations

1. Water-Surface Bursts

Operation Castle: Efforts were made to document the characteristics
. of the rediocactive fellout resulting from three of the lagoon barge shots
(. of Operation Castle. Gamma dose rates at 1 hr at the islands close to
surface zero vere estimated®to be as high as 4700 r/hr for Shot 2, kL0
r/hr for Shot 4, and over 1000 r/hr for Shot 6. Insufficient fallout
materia) from Shots 4 and 6 wvaes gathered in the close-in incremental
f£allout collectors for a meaningful particle analysis; however, con-
siderable activity was exhibited by the liquid samples gathered in the
30-min collectors at Shot 4.6 At Shot 2, millipore filters exposed
topside on the YAG 39 test ship were intensel; radioactive and indicate
that the activity probably arrived in the form of liquid droplets.®> It
vas ectimated that the fallout from Shot 2 arrived as a fine mist at the
stations 50 nautical miles downwind, since the identification flags on the
free-floating sea stations were more highly redioactive than the total fall-
out collections at the same stations. A moist fallout would be absorbded
by flapping flags more easily than a dry particulate.®*

Except for patches of chalky substance (of high intensity) on the
wvindwvard surfaces of aircraft on the YAG LO test ship, following Shot 2,
no visible deposited material was found on the test ships. However,
fallout was collected on special filters and on a film by electrostatic
precipitation. Studies of the filtere and film and their autoradiographs
shoved that the fallout consisted of microscopic solid crystals and emall
droplets. Small particles less than 10 microns in diameter appear to
have arrived at the earth's surface in the solid or semiliquid state; in
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addition, fallout included liquid drops having a range of size up to
peveral millimeters in diameter. The presence on the filters of many
particles invieible under the microscope wes indicated by the auto-
radiographs. It was concluded that the bomb debris mixed to some
extent with the large amount of sea wgter and the relatively small
amount of coral that were taken into the fireball.®4 In addition, al-
though no gross fallout was photographed on the YAG LO, small sparsely-
spaced particles were photogrephed intermittently, following Shot 5.

Fallout dose and dose~rate measurements were also made on the two
test ships, the YAG 39 (with the washdown operating) and the YAG 40
(unprotected), vhich were guided (some distance apart) by remote con-
trol through the fallout regions of the detonations.¥ Following Shot b,
the maximum average cumulative dose up to 5 hr on the unprotected YAG
flight deck was almost 100 r. Less than 10% of that dose was recorded
for a similar location on the YAG 39, with washdown in operation. The
highest cumulative doses were recorded at 11 hr after Shot 5, when
an average dose of almost 500 r was recorded on the YAG 40 main
deck forward. Less than 109 of that dose was recorded for a similar
location and exposure time on the washed YAG 39. At 2 hr after Shot k,
peak dose rates of 4O - 50 r/hr were recorded on the YAG U0, whereas
dose rates on the YAG 39, with washdown in operetion, were reduced to
less than 10% of those on the unprotected ship. Following Shot 5,
dose rste averages on the YAG L0 flight deck peaked at between 80 and
90 r/hr at sbout 3 hr after shot, while dose rates on the YAG 39 were
again less than 10% of those on the YAG LO. The portion of the total
dose due to deposited activity or to airborne activity is questionable.
Cestle data indicated that the transit dose was of minor significance
on an unprotected ship, since about 95% of the totel dose recorded
on the weather deck of the unwashed YAG 4O was estimated to have been
due to deposited activity. For bursts of this type, washdown appeared
very effective in removing activity deposited on the YAG 39 decks,
since only half the total dose accumulated at the end of fallout on
the washdown-protected ship was estimated to have been due to the
deposit dose. 40

Operation Redwing: Data are available on fallout from only two
of the barge shots, end from Shot Tewa, which was almost & land-sur-
face shot, since it was on a reef where the water was only 25 ft
deep. Deata are also available from Shot Zuni, an ieland-surface shot.
Characterization4zof the fellout indicated that all the fallout col-
lected from barge shots Flathead and Navajo consisted of slurry
particles, whose inert components were water, sea salts and a smell
amount of insoluble solids, principally oxides of calcium and iron.
The diameters of the spherical slurry droplets at time of arrival
ranged from 57 to 121 microns for Flathead, and from 75 to 272 mic-
rons for Navajo. Nearly all the active fallout collected from Shot Tewa
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consisted of solid particles, with an insignificant number of slurry
particles revealed by microscopic examination. The fallout analysis
of Ref.42 was not of close-in fallout, eince the samples used vere
collected on the support ships, which were 20 miles or more from sur-

face zero.

Shipboard fallout measurements were made at Operation Redwing 41, 61
furing maneuvers (similar to those at Operation Castle) of the YAGs
through the predicted fallout areas. Since the ships were manned, low-
activity areas were traversed, and instead of one ship with washdown
and one without, each ship was equipped with & partial washdown system.
Therefore, more accurate appraisals could be made of washdown effectiveness
than was possible at Operation Castle where the two ships were, of nec-
essity, some distance apart and hence experienced somewhat different

fallout conditions.

‘ During the Shot Flathead operation,élthe YAG 4O, at 4O miles north of
surface zero, intercepted slurry-type fallout at H + 8.2 hr, and remained
in fallout until ¥ + 23.7 hr. As the ship maneuvered, a peak value

(in time) of the average {over the deck) dose rate of 0.0l1 r/hr was re-
corded at H + 17 hours on the washed area of the main deck, while a

“peak mean” dose rate of 0.266 r/hr was recorded on the unwaeshed area of
the main deck. A similar washdown effectiveness is demonstrated by the
mean total accumulated dose of 0.126 r recorded by 23.7 hours on the
washed area, vhile 3.04 r was recorded in the unwashed area. Thus,
results observed at Operation Castle were confirmed, since the average
dose and dose rate in the washed ares were less than 10% of that in the
unwashed area. It should be noted that the average dose in the un-
washed ﬁfea41had increased to about 6 r at 48 hr, when the ship returned
to base.?l

During the Shot Navajo operation,blthe YAG 39, &t 22 miles north of
surface 2ero, intercepted fallout of salt-water slurry at H + 2.4 hours,
and remained in the fallout area till long after fallout cessation,
which occurred at about H + 13.4 hr. A peak mean dose rate of 0.177
r/hr was recorded on the washed area of the main deck at H + 6 hr, a
value significantly lower than the unwashed-area peak mean dose rate of
1.4 r/nhr. The accumulated mean gamma deck doses recorded st the end of
washdown (at 9.4 hr) were 0.721 r and 5.48 r in the washed and unwashed
areas, respectively, whereas at the end o fallout (at 13.L hr), mean
total doses of about 1.0 r and 7.5 r were recorded in the washed and un-
washed areas respectively. Apparently, washdown was not as effective
in removing the fallout from this shot as it was in the other cases,
probably because the system was operated intermittently, since it was
necessary for personnel to be on deck at several times during the man-
euvers. The average dose on the unwashed area increased to about 10 r,
recorded by about 43 hr.4
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Shot Tewa groduced a visible fallout of radioactive particles in
coral residue.42,61For this shot, the accumulsted deck dose in the unwvashed
erea Of the YAG 4O to the end of washdown at H + 15.2 hours was 49.3 T,
while in the washed ares, & total of 10.3 r was recorded.42 The recorded
dose in the unwashed area increased to 100 r by about S4 hr, indicating the
effect of the deposited activity. Furthermore, i1t is estimated from the
records in Ref. 41, that the deposited activity contributed about 95% of
the total radiation dose recorded by 24 hr on the unwashed weather deck,
an estimate in agreement with that of Operation Castle.

2. Underwater Bursts

Operation Crossroads, Shot Beker: It was estma.ted?'gthat deposit
dose composed about 50% of the total radiation doses registered by film
badges at exposed locations on ships at Shot Baker, and the remainder of
‘the dose was attributed to transit radiation from the base surge. It
vae further estimated’’that residual activity was deposited on the ships
by reinout from the mushroom head of the cloud, in a ring whoee radius
was slightly less than 1000 yards from surface zero. In the ring, the
mean total dose level due to deposited meterisl was 4000 r, of which
3500 r wvas sttributed to fallout fram the mushroom cloud. In the center
‘of the ring, deposit doses ranged down to below 1000 r. Table 1l of
Enclosure J of Ref. 65 gives calculated estimates of first-hour doses
(vased on dose-rate readings) from materiel deposited on target ships.
The ships were located at ranges varying from 500 to 2000 yards around
surface zero, and first-hour dose estimates varied from 140 r, aboard
the LCI-332 at 2000 yards E of surface zero, to 3850 r on the Pensacola
at 500 yards SW of surface zero.

Operation Hardtack: large base surges were generated by Shots
Umbrells and wahoo, but no visible fallout occurred. Weather-deck dose amd
dose-rate data were obtained principally for Shot Umbrella, due to power
failures on two test ships at Shot Wahoo. All the test ships were with-
in 2 to 3 miles of surface zero. 3 Dose and dose-rate data were also
obtained from the coracles, most of which were within 2 miles of surface
zero, although a fewv were positioned at more than L miles from surface
gero. During Shot Wahoo, 11 of the 18 coracles broke moorings. Thelir
positions during the time of principal interest did not change mo than
300 ft, although before recovery, several drifted L to 12 miles.3¢ It
vaes concluded in Ref. 33 that practically no material was deposited
aboard the test ships, since the dose rates fell from extremely high
to extremely low values with the passage of the base surge, and very .
little dose was accumulated after the first few minutes. MNowever, of

‘the samples collected in the AFI (air filtration instrument) in 2- and

10-minute intervals,32 the first samples in both series from Umbrella
were heavily loaded with visible residue resembling pulverized coral.
There was also evidence that heavy liguid deposition asgociated with

radicactive material occurred during the first few minutea.32 Air

17-74




!EAPTER 17

samples were also collected in test compartments followine Shot Umbrella,éé
and analysie of the samples indicated that 90% to 95% of the activity in
the samples was due to particles with radii of less than 1 micron. It
wvas demonstrated at previous tests that washdown is very effective with
small particles carried in an invisible mist, and washdown was operoting
on the test ships at both shots. Thus, it is possible that had wash-
down not been opersting, radioactive material might have been deposited
and remained on the weather decks of the test ships. No date were
obtained at distances such as 10 to 20 miles from surface zero, to
permit "scaled” comparison with data from the barge shots of previous
operations.

Operation Wigwam: The YAG-39 encountered an invisible cloud of
airborne rodioactive material between H + 16 and H + 19 min. Residual
contamination was left on the ship, but decay and the washdown system
reduced the radiation levels quite rapidly, so that at H 4+ 1 hr, the
average gamma dose rate on the weather deck was about 9 mr/hr. The
YAG-U40 avoided the “"cloud,” and made numerous traverses of the contaminated
area on D and D + 1 days, but encountered no fallout. It was estimated
that very little residual activity remained on the hull of the ship.3l

17.6.3 Weapons-Test Data for Shielded Locations

1. Water-Surfece Bursts

Operation Castle: A study was undertaken to obtain data on the
effectiveness of ehips' structures in shielding interior compartments
from gamma radiations during and after & contaminating event. Data for
this study were obtained from Shots 2, 4, and 5, and the recorded dose
and dose-rate values at exterior and interior locations on the test ships
are presented graphically in Chapter 2 of Ref. 4. Results of anslysis
of the data, presented in Chapter 3 of Ref. 40, indicate that the shielding
factor (the dimensionless ratio of the dose rate or dose within a com-
partment to that measured above the weather deck) at locations between
the 2nd deck and weather deck were in the range from 0.1 to 0.2 on YAG U0,
and from 0.15 to 0.30 on the washdown-protected YAG 39. In superstructure
compartments on both ships, the shielding factors generally were in the
range from 0.1 to 0.6. It was pointed out that the shielding factor
actually represents shielding from sll sources of radiation - transit,
deposit, and water-borne. However, it vas concluded that “ghielding
factors on the YAQ-LO are believed to be a good approximation to the
shielding factors for activity deposited on the deck surfaces."

Operation Redwing: Dose and dose-rate values recorded at ex-
terior and interior shipboard locations for the Operation Redwing shots
indicate the extent to which the ships' structures atteruated the gamma
radiations emitted by radicactive material surrounding and deposited on
the ships. The dose to 30 hr in the upper No. 2 hold of the YAG 39 was
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15% of the average unwashed weather-deck dose, for both Shots Flathead
and Navajo, and was 15 to 17% of the weather-deck doses recorded at
Shots Zuni and Tewa. 2Zuni was & land-surface shot, and Tews was de-
tonated on the edge of & reef, involving e little water. The average
unwashed-deck dose up to 30 hr on the YAG=39 varied widely in magnitude
for the four shots (0.4 r at Zuni, 2 r at Flathead, 9.5 r at Navajo,
and 190 r at Tewa). On the YAG-40, where the unwashed-deck doses to
30 hr also varied greatly (65 r at Zuni, 4 r at Flathead, 1.5 r at Nav-
ejo and 85 r et Tewa), the doses in the upper No. 2 hold were between
7% and 12% of the unwashed-deck doses.4!

The shielding factors quoted in the preceding peragraph probably
closely approximate ship shielding againet activity deposited on the
deck surfaces, although they were calculated on the basis of average
total deck doses. The basis for the preceding statement is derived from
date in Refs.4]l and 61. It is estimated from date obtained for Shot Tewa
that about 95% of the everage accumulated dose to 30 hr on the unwashed
deck of the YAG-39 was due to deposited activity, and about the same
proportion held for the YAG-4O deck dose for Shot Zuni. Thus, for
those two shots, it is estimated that in the upper No. 2 hold, the ships'
structures shielded out about 85% of the radistion from activity de-
posited on the weather-deck surfaces. Although the airborne-and deposit-
radiation proportions of the total deck doses recorded for Flathead and
Navajo were not estimated, it seems reasonable to postulate that the
ships’ structures were es effective in attenuating radiation from act-
ivity deposited by barge shots as they were in sttenuating radiations from
the more nearly solid particulste material deposited by land-surface shots.
Since the effect of the ships' structures on the total doses was about the
same (for the same locations) for all four shots, it is postulated that
in the upper No. 2 hold, the ships' structures shielded out about 85% of the
deposited-activity radiations from the barge shots, as well as from the
land-surface shots.

2. Underwater Bursts

QOperation Crossroads, Shot Beker: Below-decks dose records from
Shot Paker mre of dublous value. The exact placement of film badges with-
in compartments was not specified, and not only was there "wide variation
of doses received by badges subjected to approximately the same radiation,”
but also “four of the sixteen unshielded badges (on 13 different ships)
registered less dosagg than some badges located inside the structure
on the same vessel."<? Shielding-factor estimates have been made, based
on averaged data. Although no distinction is apparent between shielding
factors for amidships and for bow and stern compartments, the values vary
with the thickness of steel, and lie between values of about 0.25 and
0.025.55 However, the pro rtion of the total below-decks dose due to
activity deposited on t ecks is a matter of TONJETTIXY, since it was
estimated that only about 50% of the total deck dose was due to deposited
activity. —

29
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Operastion Hardtack: There are no data from either Shot Umbrella
or Shot Wahoo to indicate the effectiveness of ships' structures in
attenuating activity deposited on the weather decks, since practically
no material wvas deposited on the decks of the test ships.

Wi + Deck deposit on the YAG-39 was negligibly low, and doses
measured at shielded locations are believed to reflect the effect of the
ship's structure on traneit dose, not on deposit dose. The YAG~4O avoided
the "cloud” and all deck deposit.>!

17.6.4 Theoretical Colculations for Unshielded Locations

Several methods have been developed for predicting deposit dose from
both wvater-sgsurface and underwvater bursts, but it is estimated that none
of the systems currently available is dependable within a factor of 10.
One method used at present to estimate the region of fallout from a
vater-gurface burst (but which does not provide quantitative estimates of
dose) employs & computer-programmed calculation of the Dynamic Model or
D-Model®! (developed at USNRDL), that predicts fallout contours from land-
surface bursts of specified yields for specified wind conditions. Another
method has been used to predict deposit dose from water-surface and under-
water bursts,®® based on the assumption that the deposit dose is caused
by radiations from radioactive sources deposited and remaining on flat
surfaces in the vicinity of & point. The method assumes that the deposited
activity builds up linearly with time during the period of deposition. For
underwvater burets, times of initial and final arrival of activity are
taken to be times of arrival (at the specified point) of the leading and
trailing edges of the base surge. For surface bursts, these times are
taken as initial and final times of fallout from the mushroom cloud and
are estimated by determining the time required for assumed winds to move
a source region of the sme lateral dimensions as the initial cloud past
the point in question. A brief summary of the D-Model and changes re-
Quired in it before it can be used to predict deposit doses or dose-rates
from vater-surface bursts, and a brief summary of the method used in
Ref. 68 follow:

1. Water-Surface Bursts. The Dynamic, or D-Model, was designed to
predict dose rates and doses resulting from land-surface-burst fallout
particles of 50 microns or larger in diameter. The model, programmed for
the IBM-704, permits computation of dose-rate contours for bursts of
given ylelds taking place in given wind configurations. The D-Model assumes
that the initial redioactive-particle cloud is composed of up to about 100
identical coincident right circular cylinders with axes perpendicular to
the land surface. Each cylinder represents s selected particle-size class,
and is divided horizontally into identical coaxial discs, each of which
represents an equal portion of the selected particle-size class. The num-
ber of discs used depends on yield. The particle-gize distribution of
fallout in time and space is determined by following the trajectory of
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each dise for each perticle-size class until the disc hits the ground.

The effect of this process 16 t0 determine the distribution of fallout
by tracking & maximm of 9000 different discs (depending on yleld), each
representing & given particle-size range originating at a given altitude
in the cloud. The fraction of activity associated with each particle-
size class must also be known, to0 permit deposit dose-rate estimates.

Dose-rate and dose values calculated from this model are in egreement
vith measurements made following the surface and underground shots of

Operation Jangle.

Use of the D-Model to predict reasonably eccurate fallout contours
for water-surface bursts will be possible only with several fundamental

changes of parameters used in the computer program. Weapons-test data
heve indicated that slurry-type fallout droplets from water-surface

bursts differ from land-surface-burst fallout particles in size range,
composition, density, end mass-activity relationships. In addition,
the time-history of the formation of slurry droplets and their falling
rates are different from those of earth particles. It follows, there-
fore, that fallout petterns for water-surface bursts would differ from
those for land-surface bursts. Furthermore, it must be understood that
there 1s no such thing es a dose-rate contour at sea because fallout
mixes fairly rapidly with the water, although on a large ship located
at a fixed point, deposit dose could build up as on a land target. Work
is in progress &t NRDL to determine the required changes in parameter
values that would permit application of the D-Model to water-surface-
burst fallout prediction. When the appropriate program changes are

effected, the output of the D-Model will indicate deposit that would
take glace on & large, flat, urwashed surface, and must be interpreted,
together with ship size and countermeasure system, to provide dose or
dose rate information.

Predictions that are given in Ref. 8 for deposit dose from &
water-surface shot have been based on & compromise of predictions of
effects of a land-surface shot as given in Refs. 2 and 69, and as com-
puted from the lami-surface D-Model.®’ It has been impossible to
determine the degree of accuracy of the predictions of Ref. 8, since
no weter-gurface shot of this type has been fired. It was assumed that
the base surge is & minor mechanism of transport of radfoactivity, that
fallout from the cloud is the main source of deposited activity, and
that the cloud dimensions are comparable to or exceed those of the base
surge. It was further assumed that the deposited activity builds up
in & linear manner with time during the period of deposition. The times
of initial arrival and final arrival of activity were estimated on the

basis of fallout from the cloud as determined by the falling rates of
Barticles and by the assumed prevailing winds. Then the deposit dose,
, accumilated at a point during the time interval from ty, time of
%nitial arrival of activity, to any time after burst, t, may be expressed
Y:

D=| aadat (17-24)
Y
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-

wvhere 4 = dose rate from deposited activity at time ¢t

- aot'l'e, where t-1'2 regults from the assumed radicactive-
decay lav.

do = dose rete® corrected for decay to reference time of 1 hr
=0 for t < ty
- a{™X) for ¢> to

-dém)t- ty{for t; € t S tr
Ef" E1
dgm) is the experimentally determined or calculated maximum dose rate
(corrected to 1 hr). Usually it will be equal to
) 1.2
af™x) 4 (et

and is & function of position in the fallout field. When calculated by

the D-Model it is the summation of dose rates contributed by each disc

landing et & given point, each corrected back to 1 hr from ite actual
( time of arrival.

tr = time of final arrival of ectivity.

Then,
t3
(

2
zax
and D-Z‘%}rz

The estimeted maximum dose rate d(m) at a given time t is fairly
sensitive to the shape of the curve describing the buildup of do with

(max) 0.2 0.2
1.25 4o ty t}-5it + 4| for tyet= te (17.25)
De 1'72_:_— T T3
f )
-1
)
1 _[tr

0.2] for t> t, (17-26)
T

*The symbol 4, used in this section has no relationship wvhatever to

the do used in Secs. 17.5.5 and 17.6.5. It is unfortunate that the
references cited use the sape symbols for different concepts, but in
the present work it has been decided not to add to the possibility of
confusion by increasing the total number of symbols.
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time. However, in any case, 1ts possible range is less than:

(max), -1.2 =« g{max)<_ (max), -1.2
g te d 4, ty

-

The lower limit would result if all the activity were suddenly deposited
at ty; the upper 1imit would result if essentially all the activity were
suddenly deposited st ty. (These two situations are of course not feals
they are introduced only to show the bounde of possible velues of d max/)

For the linear buildup assumed differentiation shows that d(m)
alwvays occurs at t = 6t,,since

t-tg\t71°2 (tm S tp),

d = dgmax) 5 (17-27)
Thus 1f tr <€ 6ty, es is generally the case then
d(n:na.x) . almex) tf—l.a 17.28)
and 1f to» 6ty
(max) oo " 2
(max ) 5dp  (6ty)
a = t (17-29)
L
Y

Values of t, and t. may be estimated from Ref. 2, or may be obtained
from a fallout model.

The calculated results of the above equetions represent doses
caused by radiations from sources deposited and remaining on en in-
finitely large flat retentive surface, where no drainage or runoff of
the active material occurs. The calculations could apply to the dose
on the deck of an aircraft carrier with no operating washdown system.
If washdown were operating, the dose would be reduced to 0.1 or per-
haps 0.05 of the calculated value. The dose 1s substantially less,
also, for ships with weather decks of smaller size. Figures 20 and 21
of Ref. 67 graphically present fectors that may be used to calculate
the reduction of the infinite-plane dose or dose rate which results
when the deposited activity lies on a finite area.
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2. Underwater Bursts. The Ref. t8 method of predicting the
depoasit dose resulting from underwater bursts employs the same basic
theory as that for predicting deposit dose from surface bursts, but
defines the parameters differently. Times t; and t; are estimated
from the base-surge dimensions end rate of motion. Such values must
be obtained from & base-surge model (see Vol. 1 of the Handbook). Fur-
ther test data are required to determine whether deposit dose is
significant for an underwater burst.

17.6.5 Theoretical Colculotions for Shielded Locations

A computational method has been developed at NRDLK) to calculate the
effectiveness of a ship's structure in attenuating the gamma radiation
from activity deposited on the weather deck. Results of the cealculations,
in terms of the shielding factor, can be obtained for any specific location
within the ship. The method, essentially a means of calculating the value
of the ratio of the dose rate st a given location within the ship to the
dose rate at a given exterior location, ie independent of the quantitative
value of either dose rate.

The NRDL computational method employs an ideelized concept of the
interactions of radiations with a ship's structure, and ie based on
several simplifying assumptions: (1) deck-deposited activity is e uni-
form distributtion of isotropically emitting point sources on horizontal
surfaces only; (2) buildup factors computed for infinite media are
applicable for the finite shielding layers of a ship; (3) material in
separate layers, like decks of a ship, has the same scattering char-
acteristics as a single slab of the total thickness; (4) s deck-plating-
thickness multiplying factor of 2 accounts for shielding material other
than deck plating (bulkheads, beams, machinery, etc.); (5) pseudospectras,
consisting of five energies, can be used in calculations to replace
actual fission-product spectra for given times after fission, and can
be weighted for each time to give virtually the same attenuation as the
more complex actual spectrum would give. A brief discussion of the
method follows; detalls of the method are given in Refs. 53 and 70.

The theory was developed from the basic expression (Eg.17-13 in 17.5.5)
for the exposure dose rate d4 (r/hr) at a distance x (cm) from a point
isotropic source emitting 1 photon/sec, n,, of energy Ei in a homogeneous
medium:

-Myx
a, - Keat niEiBie r/hr (17-13)
i Lax2

The exposure dose rate due to a polyenergetic point source ie found by
sumning the above equation over all the emitted energies.

" .

The tui)dyp factor, as defined in Section 17.55, 1s the ratio of the
dose from 13 both scattered and unscattered radiations to f23 the dose
from unscattered radiations only.
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In the theoretical method developed at NFCDLé it was found possible
to express the resulte of Goldstein and Wilkine<2 for the dose buildup
factor, B, of Equation 17-13 for any given medium and quantum energy, by an

expression of the form given in Equation 17-19 of 17.5.5:

B=|1l+a(ux)+ b(;m)2]e¢(ux) (17-19)

The constants e, b, and ¢ can be related to quantum energy E and
evaluated for various media. Further, since the expression for the
buildup factor is analytic, it ie possible to integrate Eq. 17-13 over
a source region. The integrated expression for dose rate due to sources
distributed over the top of a circular slab of radius R, is given in
Ref.55. For simplicity and abbrevistion of notation, the integral form
wili be employed in this discussion.

The ship-shielding factor for deposit radiation is evaluated by using
three dose-rate ratios similar to those used to calculate the shielding
factor for transit radiation:

dhR Sh00 dng d3R
F it |G * | T 1730

vhere dpp = exposure dose rate (at a given below-decks location)
due to activity deposited on the weather-deck of the
ship.

d3R = exposure dose rate at 3 ft above the weather-deck,
over the below-decks location.

dj o0 = €Xposure dose rate at a location considered to be a
given distance below an infinite slab of shielding,
with radiocactive sources distributed uniformly over
the top surface of the slab.

&, = 8 symbolic dose-rate measure of source strength.
For the plane sowrce case, 4, has the units r/hr. It is & quantity
equivalent to that given by Eq.17-14 or Eq.17-17 of Section 17.5.5, but with

an n vhose units are photons/cm? - sec. See Note after Eq. 17-17, and
footnote after Equation 17-24 of Section 17.6.4.

Since the individual dose rates on the right hand eide of Eq.17-30
are initially unknown, it was found possible to obtain the desired
shielding factor by substituting equivalent ratios into the calculations.
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A brief summary of the theory follows:

When the point-source case (EQ.17-13) 1s extended to express the ex-
posure dose rate at a distance h below s slab of infinite extent, with
radiocactive monoenergetic sources distributed uniformly over the top
::Efsce, the dose rate dy, . due to the plane source emitting n (photons/

-sec) quanta of energy E4 (Mev/photon) can be expressed as the
integral:

pe- (Hx)'

4 = ki, nEg T a2  (r/nr) (17-31)

Noao

©

The source strength per unit area, may be expressed by nE Mev/cmz-sec and

x = distance (cm) from the exposure point to an incremental element
of area, dA

(ux)' = ujxy + poxp, where xj is the path length in air and x3 is the

path length in the slab, and each py is the total lineer absorption
coefficient for the corresponding medium.

The symbolic dose-rate measure of source strength, 4., mey be expressed:

do = kupy nEy  (r/hr) (17-32)

Hovever, since a ship is not infinite in extent, it is necessary
to determine the effectiveness of a finite slab in shielding the ex-
posure point from the radioactive material. Furthermore, for the
idealized concept of the problem, it ie assumed that the shielding
layers (corresponding to the plating of the ship's decks) are con-
tiguous. It was found more feasible to calculate the shielding pro-
vided by the rectangular slabs of ship structure by considering the
shielding provided by ¢ircular slabs that give the same dose-rate
reductions. Graphs that equate circular shields to rectangular shields

in termes of radius R and semi-length and semi-width a and b are given
in Reference 71.

Then, the dose rate st an exposure point shielded by s finite elab
of radius R from the plane distributed source may be expressed by:

xR2

dA (r/nr)

dp = Be"V 7
hR = 4o ) (17-33)
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The dose rate at 3 It above the slob over the exposure point may be
expressed by:

- (ux)"
43R =% Beﬂxx2 arl (x/ux) (17-34)

h=-3

¥rom inspection of Fqs.17-32,17-33,and 17-34 1t is apparent that
dose rate ratios required in EqQ.17-30 to evaluate the shielding factor
have the followlng equivalences:

wBe-(uX)' A \

Ahoo - )
3 byx
[»]
/
7R ‘
k-(u'x)' d.A
Lnx2
AhR
Thoo = ' ? (17-35)
r pe-(ux)' aA
J Hn:xz
° )
l
%R
asp e~ (Hx)' aa
&% brx?

h= -3

The evaluation of the integrals of Eq. 17-35 for all the energies in the
gource spectra would be an extremely lengthy task, even when machine-
computed. Therefore, the actual spectra have been repluced with
pseudoscpectra, as described in 17.55. E£valuation of the ratios cf
Eq. 17-3% hus been cerried out for the five gamma-ray energies of the
pseudospectra, for various distances below the slab, and for slad
thicknesses of O to 10 inches. Results are presented graphicelly in
Ref. 71. Note that Ref.71 uses the following symbols:

I, instead of 4}, o0
Io instead of dg
I instead of dphg
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17.6.6 Simulent Experiments

An experiment was conducted on a Naval ship to evaluate shielding
effectiveness of the ship's structure against gamma radiation from an
external source. Results are reported tn Refs.71,72,73,74 and 75.

In the exper nt, to approximate a condition of uniform contamination,
e 1k5-curie Co®0 source (1.25 Mev gamma energy) was pumped through
plastic tubing laid out on the flight deck of the COWPENS (AVT 1), e
light aircraft carrier. Two dosimeters were placed at each of varioue
locations on the flight deck and in below-decks spaces. Numeroue
dosimeter reodings were averaged and then divided by exposure time to
provide dose rate as & function of time from the centerline of the ship.
The messured flight-deck dose rates were corrected for the size of the
"contaminated” area, since experimental data and computations indicated
that the observed dose rate on deck would be increased by 4.5% if the
entire deck were contaminated. AdJjusted resdings were used to determine
the shielding factors. Two portions of the ship, designated A and B,
were investigated. The A section had more and smaller compartments than

the B section.

Figure 17-16 1llustrates schematic cross-sections of the COWPENS
at the frames where the measurements were obtained. Measuremente on
the Callery Deck, the Forecastle, and the Main Deck were made about
frame 35 (the A Section), while measurements on the Ranger Deck and
the 2nd and 3rd Decks were mede about frame 85 (the B section). Dos-
imeter arrays at each location were supported 3.5 ft above the various
decks. The shielding factors obtained experimentally are listed in
Table 17-5. Also listed in the Table, for the same locations and
source energy, are shielding factors calculated by the theoretical
method described in 17.45, using twice the total deck-plating thickness
above each location. The factor of 2 was derived from measurements
made in the B section.™

Experimental results indicated that on large ships, such as air-
craft carriers, at locations on the 2nd and 3rd Decks and below, the
ship's structure attenuated radiations to less than 1% of the level
on the weather deck.

17.6.7 Summary

A eurvey has been made of available information on the interaction
of surface ships with deposit radiation resulting from water-surface
or underwater bursts. Results of the survey, which included weapons
test data, experimental dsta using simulants, and theoretical calculations,
are sumnarized in the following paragraphs.
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NRDL-531-63
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fFRAME 35
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{Looking Forwerd)

Figure 17-16. Schematic cross~section through COWPENS (AVT) at two frames.
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Toble 17-5. Experimental and computed shielding foctors
for COWPENS (AVT1).*

Transverse Distanc Experimental Computed Shielding
Deck To Center line (fts Shielding Factor Factor
A Bection

GCallery 2 to Starboard 0.175 0.2396
14 to Starboard 0.156 0.2350
22 to Starboard 0.152 0.2099

Forecastle 2 to Starboard 0.0818 0.1315
il to Starboard 0.0688 0.1264
22 to Starboard 0.0539 0.1079

Main 2 to Starboard 0.0376 0.07205
1l to Starboard 0.0366 0.07033
22 to Starboard 0.0231 0.06069

B Section

Hangar o] 0.156 0.1978
16 to Port 0.1h43 0.1830
28 to Port 0.100 0.1453

Second 0 0.0355 0.04519
17 to Port 0.0214 0.02283
27 to Port 0.00892 0.008455

Third o] 0.0119 0.01513
17 to Port 0.0110 0.01195
29 to Port 0.00428 0.004313

+*

Data from Reference 74.
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Water-Surface Bursts. Data indicate that slurry-type radioactive
particles will deposit on weather decks of ships caught in the fallout
resulting from water-surface shots, and the deposited particles gen-
erally are not visible. On the unwashed areas of test ships, a dose
increase of 4LO% to 50% was recorded during the 24-hr period following
cessation of fallout from 2 test shots. The increase indicated that
although it was invisible, deposited activity wes present. The wash-
down countermeasure has been effective in removing slurry deposit, and
has reduced doses on washed weather decks to about 10% of the unwashed
deck doses.

The interaction of a ship's structure with radiations from the de-
posited meterial serves to attenuate the gamma rays, the amount of
attenuation being dependent on the thickness and density of the
structural shielding. The effectiveness of the shielding is indicated
in terms of the shielding factor, which is the dimensionless ratio of the
below-decks dose or dose-rate to that at 3 ft above the weather deck.

At below-decks locations where deck plating served as part of the shield,
test data from target ships indicated that doses were 10% to 20% of weather
deck values. Test data showed that the aluminum superstructure also to
some extent attermated the gamma radiations from deck-deposited activity;
depending on the location of the exposure point, doses were reduced to

10% to 60% of weather deck doses.

Underwater Bursts. A burst at mid-depth in comparatively shallow
water, such as 6hot Baker, Operation Crossroads, may be expected to
produce a large base surge, as well as fallout. Records are not
available to indicate whether the deposited activity from Shot Baker
was visible; but it is expected that for a burst of this type, some
bottom material (which would be visible) would be included in the fall-
out. It was estimated that first-hour doses ranging from 3800 r to
140 r resulted on the weather decks of ships from 500 yd to 2000 yd
from surface zero, respectively. Below-decks dose records, of dubiocus
reliability, indicate shielding factors from 0.25 to 0.025 for various
locations.

Deeper underwater test shots produced base surges; however, no
visible fallout occurred, and date indicated negligible deposited
activity on the target ships. However, very small (less than 1 micron)
redicactive particles were found in some of the activity samplers at
Operation Hardtack. Particles, such as those in the samplers, may have
been deposited on the weather decks and repidly removed by the washdown
systems operating on the target ships, since very little dose was
accumulated on the weather decks after the passage of the base surge
(in the first few minutes).

Shielding Factors. One theoreticel method described for calculating
shielding factors is rather cumbersome and has not been proven entirely
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reliable. Experiments were carried out using & distributed 0060 source
on the flight deck of the COWPENS to simulate deck-deposited activity,
and shielding factors at below-deckes locations were measured. Results
indicated that the ship's structure atteruated radiations to less than

1% of the level on the weather deck. Shielding factors fo. the same
energy and the same locations were computed, using twice the deck-
plating thickness above each location. A correlation between some of

the measurements and the computational method indicated that twice the
plating thickness should be used in computing the factors.” Com-
parison of the two sets of values (1isted in Table 17-5) showe that

in the B section of the ship (vhere the compartments were larger), the
majority of the computed values were less than 28% different from the
experimental values, an agreement considered very good. In the A

section of the ship, where there were many small compartments, the
majority of computed values were more than S04 larger than the experi-
mental values, and thus did not indicate as much asttenuation of the
rediations as the experimentally obtained factors revealed. The most
divergent results occurred for the location on the main deck (22 ft

from the centerline) vhere the computed factor was about 2.6 times larger
than the experimental one. The divergence in values for the B section of
the ship may indicate that use of twice the deck-plating thickness is not
sufficient to account for all the shielding in certain portions of the
ship. Shielding factors computed by the method described probably will
overestimate the dose or dose rate st a given location; hence they pro-
vide a safety factor.

No data are available to indicate whether radiations from deposited
activity will affect shipboard equipment. However, high doees (thou-

sande of roentgens) or high dose rates (hundreds of thousands of r/hr)
generally are required for such effects.

SEST AVAILABL £ COpPy
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17.7 RADIATIONS FROM CONTAMINATED WATER
17.7.1 Genreral Introduction ,

Water in the region of a nuclear water-surface or underwater burst
will become contaminated by the radioactive perticles produced by the
detonation. These particles, suspended in the water, emit gamma rad-
iations that may add to the nuclear-rediation exposures eboard a ship
traversing the area or immobilized in it.

Determination of the interaction of a ship with the radiation field
from the contaminated water, involves measuring or computing the expo-
ure-point dose rate due to the water. This dose rate is dependent not
only on the source strength (determined by the distribution of radio-
active particles in the water), but also on the source gamma-ray spectral
distribution, the source geometrical distribution, and the energy de-
gradations that occur in the water and in penetrating the ship. The
distribution of perticles in the water will differ with burst conditions,
as wvell as with water currents and weather conditions.

The mechanisms by which radicactivity is distributed in the water by
surface and underwater burste are briefly described in 17.7.2, followed
by evailable weter-contamination data gathered at test shots in 17.7.3,
and by shipboard dose-rate data, due to the "hot” water, in 17.7.4. A
summery of the section is given in 17.7.5.

17.7.2 Mechanisms of Water Contamination

Radiocactive particles reach the water by several mechanisms. Some
ectivity mixes with the water of the column or plume thrown up into the
air, and B region of contaminated water results when the plume or column
falls back to the surface. The water may also become contaminated from
radicactive fallout, as well as from activity suspended in the base surge,
which eventually deposits on water surface. Some of the radiocactivity
never is thrown into the air, but remains in the water near the burst
point. For an underwater burst, some of this radiocactivity is brought
to the surface by the event, and some is trapped below the surface.

The nature of the radioactive particles formed will depend on the
mass of water and any ship material engulfed by the fireball. The dis-
tribution of these particles in the water is governed by their size and
density as well as by wind speed and direction and by ocean layering and
currents. If the burst occurs on free water and the fireball engulfs no
80l1id material, the radiocactive particles will be so small that they will
be colloidal in nature. Thus, they will slowly become distributed in the
mixed layer, where they will remain for a long period of time. lateral
dispersion of the particles will occur, and the whole contaminated area
will move with the ocean currents. If the burst is a hit or near-miss,
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so that it disintegrates a ship, some of the activity will become
associated with heavier particles (of the disintegrated ship) than
are formed for a true free-water burst, and more rapid mixing of the
radioactive particles with the water and their penetration to greater
water depths will probably occur. Exact rates and depths of fallout
penetraetion are difficult to predict, but estimates can be mede by
comparing results at tests in the Pacific, where the differences in
rates and depths of fallout penetration resulting from barge and is-
lend shots were probably primarily due to differences in particles
sizes.

All the waterborne radioactive particles resulting from a surface
or shellow subsurface burst will be distributed initially in the upper
vater layer, often referred to as the "mixed layer,"” that may be from
less than 30 meters to more than 150 meters thick, depending on the geo-
graphic location. The temperature of thie layer is Quite uniform from the
sea surface to the bottom of the layer, or to the thermocline, below which
the temperature decreases rapidly with depth. When a substance of soluble
or colloidal nature, or one having about the same density as water, falls
on the ocean surface, it becomes distributed into the mixed layer fairly
rapidly, often within a few hours. However, because of the sharp increase
in density below the mixed layer, little further downward penetration
of perticles of thle type occurs.

For an underwater burst so deep that the bubble undergoes one or
more pulsations before reaching the surface, some activity probebly will
be distributed ealong the path of bubble migration, particularly at bub-
ble minima, some activity will be thrown into the air and mixed with the
plumes and base surge, and some will remain in the water at the surface
where the bubble breaks through, resulting in a region of contaminated
wvater ebout surface zero. The distribution of the radiocactive particles
at later times, for such a shot, will be dependent on the burst depth,
the water depth, the thickness of the mixed layer, and the prevailing
winds and water currents.

17.7.3 Water-Contamination Data

Some references* give water-contamination data obtained
following (1) land and water-surface shots at Operations Castle and
Redwing; (2) the shallow underwater shot, Bikini Baker at Operation
Crossroads; (3) the shallow bottom shot, Unbrella at Operation Hard-
tack; (4) the moderately deep shot Wahoo at Operation Hardtack; and
(5) Wigwam, the deep underwater shot. Data indicate that both the
nature and distribution in water of the radicactive particles resulting
from burste over land surfaces are different from those of particles
resulting from bursts over water surfaces, and that these characteristics
are affected by the kind and mass of material engulfed by the fireball.

~e

*References 31, 32, 33, 40, 42, 64, 65, and 76 through 84.
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1. Vater-Surface Bursts

Operation Castle: At Operation Castle, in the Spring of 1954,
fallout with very small particle size occurred from the over-water
shots, * As e result, the settling rate was slow, and it is estimated
that the depth-of-penetration and below-surface activity measurements
vere reliable. Following Yankee, Shot 5 at Operation Castle’©(13.5 MI
over about 250 f't of water), between H + 6 hr and D + L days a fleet tug
carrying improvised radiological and oceanographic gear gruised the ocean
downwind of Bikini Atoll, taking samples of the water at the surface and
to depths of 2400 ft. In addition, gamma-ray dose rates were measured
above the sea surface, just below the sea surface, and occasionally to
80 meters (about 262 f't) depth. Messurements were made by three sealed
Geiger-counter instruments that were either towed or lowered to various
depths at definite points in the ares, and by a standard ionization-
chamber Radiac termed a "pot,” set in a steel tank 6 ft above the ses,
and used to monitor the radietion from the surface every 5 to 20 minutes.
These measurements indicated that at about 23.5 nautical mi from surface
zero and vithin 18 hr after shot, activity became so concentrated that
all the towed Geiger instruments deflected off-scale (range not specified).
However, the "pot” instrument set on & scale of O to SO mr/hr continued
to indicate gamme dose rates of about 20 mr/hr (after corrections for
drift error). The first depth cast was made at about 50 naut mi from
surface zero at about H + 34 hr., At that time, maximum dose rates (in
situ) of ebout 17 mr/hr registered fairly uniformly from the surface to
depths of about 160 ft. Dose rates then decreased with depth to about
2 mr/hr at a depth of about 260 ft. By H + 75 hr, at about 140 naut mi
from surface zero, dose rates were uniformly between 1 and 2 mr/hr from
the surface to depths of about 250 ft.

Operation Redwing: At Operation Redwing in 1956, & more elaborate
program of radiological measurements of sea water was carried. out.
Measurements of early depths of fallout penetration were made 77 B within
15 naut mi of surface zero, and ship surveys after each event involved
detailed radiological and oceanographic measurements, including surface-
probe measurements, over the area of the fallout from both land and

ter-surface shots. The fallout from Shots Nevajo (a barge shot of about

athead and Navajo
fallout collected and examined consisted of “slurry particles,™ the inert
components of which were water, sea salts, and a small amount of insoluble
8011ds. Average densities of these particles were between about 1.15 and
1.5 gn/cm3.  All the active fallout collected at Shot Zuni consisted of
solid particles,4zof average densities between 2.0 and 2.8 gm/cm3, and

no slurry was observed. As would be expected by comparing the densities,

* References 40, 64, and 76.
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fallout from the barge shots settled in the water more slowly than that
from the island shot. Probe measurements’’ of particle-penetration depth
indicate that the rate of penetration of radiocactive particles from Shot
Zuni was about 11.0 meters/hr, whereas rates for Flathead and Ravajo
were about 3.5 meters/hr and 2.3 meters/hr, respectively. Shot Tewa was
8 5-MT burst detonated on & barge over very shallow water (about 20-ft

depth), and vas considered more nearly a land-surface shot than a water-

surface shot. However, Ref. 77 states that the thin film of water must
have had & modifying effect on the fallout particles, as evidenced by the
slow rate of penetration, only about 3.8 meters/hr, for relatively close-
in fallout. At the same time, however, the region of fallout was ex-
tremely widespread, as in the case of e land-surface burst.

Comparisons of plots42 of depth of penetration ve activity for Navajo
and Tewa indicate dose rates of about 2 to 3 mr/hr at sbout 3 hr after
Navajo, at ocean depths of between 10 and 20 meteres (33 to 66 ft) whereas
at the same depths at about 3.8 hr after Tewa, the activity levels were

between 100 and 200 mr/hr Reference 77 indicates that at about 2.5 hr afiter

Tewa, saturation prevented the instruments from recording levels higher
than 2.7 r/hr at depthe of about 55 ft. This measurement was obtained
by one of the Geiger-counter units which were moored to skiffs and sus-
pended at various levels in the sea. The one unit that operated was
located epproximately 10 mi from surface zero, and was triggered by fall-
out at 18 min after burst. All other aveilable water-probe contamination
measurements for all the Operation Redwing shots were made from the sur-
vey ships et later times (7 to 10 hr after burst) and indicate very low
activity levels, of the order of a few mr/hr.

The nature and behavior of activity from & surface burst at sea over
deep water would probably resemble that from Shot Flathead or Navajo,
particularly if the burst were & hit or near miss, such that the fireball
engulfed a ship. The mass of a DD or DL may be from 6 to 11 million
pounds, and that of a CVA may vary from 100 to 200 million pounds, where-
as the total mass of the barges from Navajo and Flathead was only between
840,000 and 900,000 pounds. Ships would provide more insoluble solids to
agglomerate with the fission products than did the test barges. However,
some bottom material was probably also involved in the fallout from the
test shots. Thus, it is estimated that following a nuclear burst on or
near a ship at sea, fallout would consist of slurry particles of sizes
and densities similar to those of the barge shots, and would be similarly
distributed in the water.

2. Underwater Bursts

Operation Crossroads: The first nuclear underwvater detonation on
record, & shallow detonation, is Shot Baker of Operation Crossroads (23
XT at 90 ft in 180 ft of water in July 1946). According to Ref. 79, the
yadicactivity in the water was important, and between 10% and 50% of the

AEST AVAILABLE COPY
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total smount of rediocactive material produced by the explosion remained
{n the weter. Fallout from the mushroom cloud caused a radicsctive rain
to fall in an ares within the lagoon, and it was estimated that the
largest part of the radioactive material was deposited on the surface

of the water by that rain. 1In general, vertical diffusion of redioactive
material in the lsgoon was very slow. :Gamma dose rates sbove the surface

_of the lagoon near surface zero went from about 400 r/2h hr (~ 17 r/nr)

at B + 1 hr, to about 65 r/2k hr (2.7 r/bhr) at H+ b hr, and to less

than 0.1 r/2k hr (0.004 r/hr) at 5 days after shot. Hovever, at that
‘time, the water was still sufficienmtly radicactive to seriously con-

taminate the evaporators and hulls of nontarget ships within the lagoon.65

Operation Hardtack: Some water-contamination records are availsble
from the underwater shots of Operation Hardtack, in May and June 1958.
Both, undervster and surface GITR dose rate data are available, as well
4s some water sample data.

At Shot Umbrella, a relatively shallow burst on the bottom
150 ft), ship records are available from only one operating underwater
GITR (garmma-intensity-time recorder). The GITR, suspended from a boom
extending over the fantail of the DD 593, was located at about 11 ft
undervater and 7900 ft from surface zero. Tabuleted radiation data in-
dicate by two peaks in the dose rate vs time curve that contaminants
vere in the water near the ship both at early times and at & hr after
shot. However, during the period when the ship was enveloped by the
bace surge, the peak underwater dose rate registered was only 0.19 r/hr
et 8 min after burst. Following this period, the uriderwater dose rates
were very low until they agein rose to the same peak rate at 6.k hr
afte:r burst. The early peak was attributed to contaminants depositing
in the water from the base surge, and possibly to some contaminants washed
off the ship, which had washdown in operation. The late increase
of underwvater dose rate is attributed to a patch of contaminated water
(detonation debris originally upwelling at surface zero) that drifted
down on the ship. A few emrly-time surface-water and shallow undervater
activity records from the coracles are also availeble for shots Umbrella
and Wahoo, along with a comprehensive discussion of the significance of

the records.3? Seven early-time underwvater GITR records were obtained for
Wahoo, and four for Umbrella. The instruments were so mounted on the edges

of the coracles that the passage of the shock wave trigpered a mechanism to
drop them into the water. It wes planned that, after release, they would
be suspended at approximetely 6 ft below the water surface. Similarity

of the underwvater records to the sbove-watcr standard GITR records of
corresponding coracles indicated that a number of the detectors may have
been closer to the surface than the planned 6-ft depth.32 Nevertheless,
the close-in station records ere of value, and show evidence of radiation
due both to vater directly contaminated by the bomb and to patches of
radioactive foam. The closest-in record obtained was that of the under-
water GITR (calculoted to be almost at the surface) located at 1760 ft
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upwind from Umbrella surface zero, which indicated & recorded 3-min dose
of 60k r, while at 6740 ft dowrwind of surface zero, the detector (cal-
culated to be 55 inches deep) recorded only a milliroentgen dose. Ko
depth-penetration measurements are available for Shot Umbrellsa, and

wvater sampling is mentioned only briefly. Analysis of sea water collected
in the lagoon 75 min after burst was carried out by separating the
isotopes detected into two groups, part1Culg§§ (30.45u) and either goluble
or colloidol (<« 0.45u). It was found that Ny wvas present in high amounts
in both groups, and several other isotopes were present in lesser amounts.

For shot Wahoomoo £t in deep water), contaminated-water
dose retes at 1ll-ft de near the ships are unavailable because the
starting signale were not received on the instrumented ships. For Wahoo,
on the underwater GITR's 8t 3900 ft and 4100 ft from surface zero, dose
rates peaked briefly at over 2000 r/hr at about 8.5 min and 1400 r/hr
at 6.3 min, respectively.32 These dose rates are considered to have been
due to waterborme radioactive material. The cumlative doses up to 3
min on the same GITR's, calculated to have been floating at about 12
and 18 inches below the surface, respectively, were about 16 r and 4 r.

An experiment81 whose objective was "investigating the dispersal in time
and sea of the contamination resulting from Shot Wahoo" resulted in
meager informstion. As the USS REHOBOTH cruised the area for several days
after shot time, the sea-water intake of the ship was monitored for con-
tamination, numercus depth-penetration measurements of activity were made,
and Navy radisc survey-instrument readings were taken at the bow. Some
information was obtained on the dimensions of the radiocactive pool with
time, and of the radiation levels measured by the bow survey meters,

which "viewed & large solid angle but were shielded from the nearby water
surfaces.” These readings probably represent the field at the bow due to
waterborne activity, and were used to indicate the size of the contaminated
surface layer of water. The first post-shot dose-rate-vs-depth readings
of the scintilletion detectors, taken at about H + 3 hr at about 3 naut mi
downwind of surface zero, indicated a maximum of about L4000 counts/sec at
the surface, about 2400 counts/sec at depths from about S5 to 35 ft., and
then decreased to about 250 counts/sec st a 60-ft depth, According to
the radium-calibration curve given in Ref. 8], these measurements cor-
respond to about 1 mr/hr, 0.6 mr/hr, end 0.05 mr/hr, respectively, if it
is assumed that an error has been made in labeling the abscissa of the
calibration curve. The maximum in-situ level encountered, sbout 16,000
counts/sec at depths of 90 to 130 ft (st H + 28 hr, about 5 naut mi down-
wind of surface zero), correspond to about 10 mr/hr on the calibration
curve. The sea-water-monitor ionization-chamber results are presented

in terms of amperes ve time, but no method of conversion to mr/hr is
presented except for the statement that "current readings could be con-
verted to mr/hr if certain assumptions are made." It was concluded that
the base surge distridbuted s large amount of activity in the upper water
layers, over an area of about 1 mi in radius, and prevailing winds car-
ried the contaminated merosol in & westerly direction to form an initial
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elliptical contaminated surface urea with the leoading edge about 2.5 mi
west of the shot point at K + 2 hr. The contamination extended to depths
of 50 ft at early times. According to Ref. 8, the greatest amount of
radiocactivity in the water at surface zero at H + L8 hr was found in
samples taken below the thermocline, which was located at 100 meters.

Doses due to the water recorded in the second hour after burst
appear to be insignificant. Floating film pncks dropped into the down-
vind array 120 min efter Wahoo and 00 min after Umbrelles "did not reg-
ister any dose significaontly above background; therefore the film-pack
data indicate no contribution from radioactive material suspended in the
water after those times." Reference 32 concludes that the passage of
radioactive foam would represent & serious hazard to small boats between
5 to 15 min after burst, although waterborne radioactivity is of second-
ary importance aboard ships.”

Investigation of the radioactive contamination of the water following
Shot Wehoo® indicated that, at the end of 3.5 days, the boundaries of
the radiocactive water mass extended beyond the survey area, 50 mi to the
wvest of Eniwetok Atoll, and to a depth of at least 300 meters. Analysis
of water samples collected at 5.5 hr and 27 hr after detonation in-
dicated activity present at all depths sampled {from the surface to 300
meters). The measured amounts of beta radioactivity in the water were
the same at both times. At L8 hr after burst, at surfece zero, the
greatest amount of radioactivity was found in the samples taken helow
the thermocline.

gggration Wigwam: On 1Lk Mny 1955, Shot Wigwam (obout 32 KT) was
detonated at 2 depth of 2000 ft in very deep water. _Reports of water-
surface radiocactivity from this operation are contradictory, and it is
impossible to determine which of the primary documents 3 is more
reliable. Discussion of the depth-probe measurements5 1s also
difficult to interpret.

Reference 83 states that "Project 2.1 arranged that samplers be
dropped and towed through the area, hut hed no part in the sample
recovery.” Unfortunastely, most of the samples were lost.

*More recent data from the Sword Fish underwater shot, received too
late for detailed inclusion in this report indicate that the early-time

radioactive-pool hazard to larger ships can be of considerable
significeance during the Tirst half hour after burst.
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The final report, "Mechanism and Extent of the Early Dispersion of
Redioactive Products in the Water,"8 yhich was not issued until March
1962, states that it "is the result of painstaking analysis of measure-
ments obtained,” but "for a number of reasons the measurements left
something to be desired." According to this analysis, 32% of the total
activity in the water was found in the thermocline (at 110 meters) and
above, and 68% at depths of 200 to 300 meters. The deep activity was
found to be complexly distributed in laminee that moved more or less
independently of the surface and other waters. It was concluded that
the mechanism that gave rise to this distribution was an emergence of a
deep column of water at early times following the detonation and & sub-
sequent mixing of these deeper weters with the surface layers and their
sinking t0 an intermediate depth es a result of instebility. It is
postulated that the emergence of the colum gave rise to a mass of water
moving from east to west on the surface, perhaps due to the earth’'s
rotation.

Values given in Ref. & of early-time maximum radiocactivity at the
water surface, as determined by survey aircraft, are higher by factors
of 3 to 7 thap those given in Ref. 31, According to Ref. 8, the 27
min, 33 min, and 130 min maximum surface dose ratee over the radicactive
pool of 550 r/hr, 230 r/hr, and 6 r/hr, respectively, were derived by
arbitrarily doubling airecreft results thet had been corrected to 3 ft
above water. This doubling was done to roughly reduce these measure-
ments to in-situ measurements made by the probe. The area of surface
activity at H + 30 min is tabulated &s 5.5 sq. mi. According to Ref.
3], the earliest aerial survey at E + 19 min established that the
principal contaminated zone of water was about 2.5 miles in diameter,
with an area of about 5.3 square miles, and at that time dose rates
veried between 32 and 70 r/hr at 3 ft above the water. Several sets of
radiac data-telemetering transmitters were dropped into the water by
eircraft at various times from H + 26 min to D + 1 day, It was planned
for these instruments to meesure the dose rates in about the top 6
inches of weter and transmit the information to the primsry radar room
aboard the CVI-49. Of the original S5 sets dropped, telemetering pulses
were received from only four. Of these, two units were of too high a
range to produce data, and one unit transmitted intermittemtly. One
unit produced consistent and apparently reliable data (although no range
and bearing information was obteinable) that compared satisfactorily
with information obtained from another unit dropped at D + 5.3 hrs.
Available telemetered data indicate that dose rates in the top few inches
of water somewhere in the area of the originel circular upwelling were
about 40 r/hr at about 1 hr after burst, and decreased to sbout 1.5 r/hr
at 6.67 hr (400 min).

BEST AVAILABLE CcOPY.
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It 1s difficult to obtain a coherent picture of the distribution of
fctivity below the water surface, since available records do not agree
well on this subject. According to Ref. 82, the maximum dose rate
encountered by the depth probe on the first day was 27 mr/hr at 1.5 hr
after burst, ot & mean lamina depth of 60 meters. At D + 12.5 hr, about
21.5 mr/hr was recorded at a mean lamina depth of 122 meters, and st
D + 70.2 hr, a level of 23.6 mr/hr was recorded at a mean lamina depth
of 265 meters. According to Ref. 31, the GITR located at station 2 on
the YAG-40 (about 30 ft below the water surface) provided another source
of early in-situ dose-rate information from Shot Wigwam. The first pase
through the contaminated area by the YAG-U40 at 51 min after detonation
took 25 min, and the unshielded keel station (station 2) accumulated a
3-r dose in that time and registered dose rates that pesked at more than
10 r/hr. The wuter-sampling and analysis portion of Project 2.4 obtained
samples of contaminated water from beneath the keel of the YAG-40 at a
depth of ebout 30 ft and from 18 inches below the water surface. Early
radiochemical analyses of a number of samples were made, and results are
presented in units of counts/sec vs time after burst, and in mc/ml vs
time after burst. It was concluded that the specific activity of the
contaminated area varied considerably from location to location, and
the limited number of samples precluded any generalization regarding
the total contaminated volume of water.

Late-time water analyses and depth probes of the area, described in
Ref. 8, indicate that activity in the water was detectable &s late as
3 weeks after the shot. The results of this late survey were meager be-
cause the radiocactive water did not move in the predicted fashion, and
was not located until late in the period allotted for the operation.

In May 1962, a nuclear device-was detonated at about
570 Tt in very deep water. Reduction of the data from Operation Sword-
fish has not been completed, but merial surveys were able to easlly track
the contaminated patch for 6 days after detonation, and the surface ship
wvas tracking the patch at least through D + 12 days.

3. Summary

Water-contamination data from nuclear water-surface and underwater
bursts are limited, as the preceding paragraphs iliustrate. Observations
of the penetration of activity from water-surface bursts at Operations
Castle and Redwing indicate that most of the water-borne activity became
well mixed and remained above the thermocline for periods of many days.
1t was also observed that radiation levels in the water were low, not
in excess of 1 r/hr in situ. However, since few measurements were
obtained earlier than H + T hr on any shot, mixing and decay probably
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account for the low observed levels. Thus, it is possible that et early
times, radiation levels in the water around surface zero could add to
the radistion field aboard & ship traversing the ares. However, 1t is
concluded that available data from surface bursts 4o not provide &
reasonable basis for predicting dose rates sround surface zerc at early
times.

The underwater-burst data indicate that within 2000 ft of surface
zero and wvithin the first 15 min after burst, doses of several hundred
roentgens could be accumulated from contact with tbe first few feet of
surface water. EHowever, after 1 hr after burst, ectivity in the water
probably would be of no significance aboard ship, and by several houre
after burst, activity levels in the water from either water-surface or
undervater detonations would probably be lower than 1 r/hr.

17.7.4 Shipboard Dose~Rate Doﬂ; from Contaminated Water

Shipboard dose and dose-rate data have been obtained at various
weapons tests. In compartments below the water line, the recorded
gamma doses and dose rates that were considered to be due only to con-
teminsted water surrounding the ship vere negligible in all cases;
in fact, they contributed less than 1% of the levels measured at exposed

locations. Simultaneous measurements of dose rates in the water around
(: a ship and dose rates aboard that ship are required for reliable esti-
mates of the contribution of waterborne resdiastion. Such measurementes
are availsble for only a few shots. However, efforts have been made to
distinguish the contribution of waterborne radioactivity from the con-
tributions of other sources for several additional tests.

1. Water~Surface Bursts

Operstion Castle: For Operation Castle, two Liberty Ships
(YAG's 35 and LO) were modified to have various parts of each ship sim-
ulate portions of Navy combatant ships. For instance, the recorder-room
area on each ship simlated compartments below the waterline, ad jacent
to the shell, and was well-shielded from the weather surfaces by a l2-
inch concrete slab. Doses and dose rates measured in these rooms were
attributed only to radistion penetrating the shipe' skins, and not to
radiation from sources above, such as fallout. Dose rates in the
recorder rooms after Shot 5 (Yarkee) peaked at only 0.07 to 0.08 r/hr
between 6 and 7 hr after burst, and the total doses measured to 12 hr
were only about 0.5 r. During the same period, doses of over 100 r
were recorded st unprotected topside stations on the same ships. It
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was concluded that radiation from the water contributed significantly to
the total radistion field at shipboard locations below the waterline,
but the low absolute value of the measured dose rates and doses made the
wvaterborne contribution unimportant.®

Operation Redwing: During Operation Redwing, the YAG's 39

and 40 were egain used as test ships. As part of the ship-shielding
atudies,41 ‘estimates were made of the upper limits of contaminated-
water contribution to total dose rates and doses in the test ships'
holds. Geamma detectors were placed at several locations below the
waterline, in the double bottom of the YAG 39, and below the keel

of the YAG LO. Available data for Shot Navejo include estimates

of L-pi free-field gamma dose rates as functions of time in the

water at 20- and 30-ft depths around the YAG 39. In eddition, washed-
and unweshed-deck area time-dose-rate histories are recorded. Also
presented is a curve giving the ratio of the dose rate in the recorder
room (vhich was unchanged from Operation Castle) to thet on the
washed-deck area. Comparison of the records indicates that peak

dose rates in the water and on the deck areas occurred at the same time alout
5 hr after burst. Peak water dose rates at 20- to 30-ft depths were
about 0.05 to 0.08 r/hr, and free-field gamma doses in the water were
estimated to be about O.4 r by 10 hr, about 0.93 r by 30 hr, and about
1r by 40 hr. The recorder-room dose rate, calculated from other
information in Ref. 18, appeared to be ahout 0.002 r/hr by about § hr
after burst, and the doses calculated to 10 and 30 hr appeared to be
about 0.018 r and 0.0k r, respectively. The dose rate in the lower

No. 2 hold, similarly calculated, was found to be about 0.06 r/hr by

S hr, and the doses to 10 to 30 hr appear to have been about 0.27 r and
0.45 r, respectively. The dose rate on the unwashed weather deck at

S hr was about 1.5 r/hr, and the accumulated doses by 10 and 30 hr were
about 6 and 9.5 r. These data are tabulated in Table 17-6 for ease of
comparison.

BEST AVAILAcLE APy
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Table 17-6, Dose rate and dose dato for Shot Novajo.

Btation location Pea]((r?gzs Rate %‘iﬂﬁ Dc(>:§ %‘Hiﬁ

Water, 20- to 30-ft 0.05 to 0.08 5 0.4 10
Depth 0.93 30

1.0 Lo

Recorder Room 0.002 5 0.018| 10
0.0k 30

lower No. 2 Hold 0.06 5 0.271 10
0.45 30

Unwashed Weather 1.5 5 6. 10
Deck V 9~5 30

It is apparent from these data that at locations well shielded from
airborne and deposited activity, such as the recorder room, the dose
rates and doses were extremely low, less than 6% of those recorded in
the water. In the hold, the major portion of the recorded dose is
estimated to have been due to backscattered radiation from airborne and
deposited activity. According to Ref. 41, the highest estimates of
water c¢ontribution were obtained during participatior in Shot Tewa, which
is clagsified as a land-surface, rather than a water-surface shot. At
Tewa, water contridution to both dose and dose rate was estimated to
have been lees than 11% in the lower hold where the 10 hr recorded dose
vas about 1 r, wvhile the 10-hr deck dose was about 25 r, and the 10-hr
dose in the water was ebout 3 r. It was further estimated that rad-
iation from the water contributed less than 1% of the total deck dose.
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2. Underwvater Bursts

Operation Hardtack: At Operation Hardtack, three destroyers
utilized as target ships during the two undervater shots were instrumented
with £ilm badges and GITR's in many compartments. In addition, a& GITR
was suspended from a boom over each ship's fantail, and was to drop into
the water after the passage of the underwvater shock wvave. After Shot
Umbrella, GITR and film-badge data were obtaired on all 3 ships, although
not all GITR's operated. From gamme dose-histories tabulated in Appendix
D of Ref. 33, it is possible to compare doses recorded by the GITR's at
several shipboard stations located 3 to 6 ft below the waterline of the
DD-593 with the doses recorded by the GITR suspended in the water over
the fantail at station 15. Stations 1l and 18 were at the lower level
in the forward and aft firerooms, respectively, and station 8 was located
in the magazine. At station 15, doses measured were 0.0l r by 18 min,
0.03 r by 81 min, and 0.367 r by 8.5 hr. At stations 11 and 18, doses
measured about 2.8 r by 9 min. They were about 3.24 r at station 11 by
93 min and 2.91 r at station 18 by 92 min. At station 8, doses were 13.2
r by 9 min and 13.4 r by 90 min. These doses are listed in Table 17-7.

Table 17-7. Dose data from DD=-593 for Shot Umbrella.

Station Location Dose Time
15 In water 0.01r 18 min
0.03 r 81 min

0.367 r| 8.5 hr

11 Lower level, 2.8 r 9 min
fwd fireroom 3.24 r | 93 min

18 Lower level, 2.85 r 9 min
aft fireroom 2.91 r | 91 min

8 Magazine 13.2 r 9 min

13.b r 90 min

Comparison of the doses recorded in the water with the doses recorded
aboard ship indicates that the former were only about 1% of the latter

even at shipboard locatione only partially shielded from airborne activity.
Thue the contridbution of waterborne contamination to shipboard doses muest
have been very small. Although shipboard doses were recorded st Shot Wahoo,
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no shipboard rediation measurements due to contaminated water were
obtained becauge the starting signals were not received on the instru-
mented target ships; thus, no comparison is possible between shipboard and
water doses for a Wahoo-type shot. Reference 33 concluded that although
radiation from the water may have contributed to compartment dose rates

at later times, the contribution of contaminated water to the total dose
observed aboard the target ships was of little significance. ‘

ration Wi :+ From Operation Wigwam, little data are avail-
able that permit estimation of the contribution of waterborne radiation
to shipboard doses. One figure in Ref. 31 gives dose-rate histories at
stations below the waterline during the first traverse of the contaminated
area by the YAG LO between 50 and 80 min after burst. Dose rates at the
keel station (sbout 30 ft below the waterline) peaked at about 13 r/hr
at ebout 75 min. At about the same time, dose rates (estimated to be
due only to radiation from the water) et station 64 in the Recorder room,
peaked at about 0.8 r/hr. This one plot indicetes that, for the duration
of the traversal of the area, the dose rates at station 64 were only
about 6% of those recorded at the keel station.

17.7.5 Summary

No contaminated-water dose or dose-rate histories are available at
early times near surface zero. for weter-surface test shots. Available
dstae indicate that at times of 4 hr and later, the contribution of
waterborne radiation to shipboard doses is negligible, hut it 1s possible
that at early times contemination in the water around surface zero could
add to the radiation field eboard a ship traversing the area.

Analysis32 of records of underwater test shots leads to the conclusion
that radistion from waoterborne radioactive material is significant. There
appear to be three mejor sources of waterborne radiation: (1) radiastion
from material deposited in the water from the base surge; (2) radiation
due to water directly contaminated by the bomb (white water); and (3)
radiation due to patches of radioactive foam generated during eruption
and collepse of the column or plumes. Radioactive material deposited
in the water {rom the base surge appears to dissipate rapidly after the
pessage of the base surge, whereas white water may be highly radicactive
up to an hour after burst time. Radiocactive foam, estimated to be the
most important early-time waterborne source, is suspected of causing
peak dose rates of 1000 to 2000 r/hr observed in the underwater dose-rate
records for Shot Wahoo at times between 6 and 9 min after burst.32 A
direct observation of such foam was made by personnel who passed through
a patch that read in excess of SO r/hr at 2 hr after Shot Umbrella. Never-
theleéss, it was concluded® that combatant ships could safely traverse an
Unmbrella-type detonation area at about 25 min after burst, because the
shielding provided by the ships structure and the height of decks above the
water surface would result in sufficient attenuation of any gamma
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rodiation from the water. However, it 1s estimated that the contaminated
water patches would still represent n real hazard to small craft as late
as 1.5 hrs after burst, unless the patches were dissipated as a result of
wvind and wave action.

After the first half hour, the decrease in dose rates in the con-
taminated vater results because the radioactive particles are not
concentrated in o mass on a flat surface, but are distributed at aif-
ferent depths in the wvater and tend to dieperse with the current, amd
because water is an extremely effective shield for gammas radiation.

The half-value thickness of water (the thickness that will ebsorb half
the gamma rediation incident upon it) for gamma energies characteristic
of mixed fission productes may be determined roughly by the equation

1/2 = e~HXy
0.693
then X1 = cm
% nEY)
Xy = half-value thickness (in cm) of water

Ely/ = gemma-ray energy, which may vary between
0.5 and 2.0 Mev

u(E()s linear absorption_coefficient, which lies
between 0.097 cm1 and 0.0L9 cm™t for water,
for 0.5 and 2.0 Mev respectively.

The value of xj/p then lies between 7 and 14 cm, and thus, only & few ft
of wvater will most effectively eliminate the gamma radiations of radio-
active particles suspended in the water.

Theoretical calculations have also been carried out87 to determine
the shielding effectiveness of an aircraft carrier to waterborne rad-
‘4ation sources. These calculetions indicate that not only is the ship
shielding highly effective, but also that the radiation from the vater
is negligible compared to other sources of radiation, even at times es
early as 70 sec after burst. Further calculations © indicate that con-
sideration of radiation from waterborne activity is of academic interest
only, because of the minor operational importance of the hazard from
such activity aboard combatant ships. For example, computations were
made of the percent of the in-situ water dose rate that would exist
under worst conditions in a carrier. Results indicate that, assuming
uniform activity distribution in & semi-infinite volume of water, this
fraction wvould be only 8% of the in situ dose rate at a location next
to the hull and Jjust above the armor belt and waterline. Combining
results of theoretical calculations with weapons-test data on dose
rates from waterborne activity reaffirms the conclusion that negligible
radiation from waterborne sources would penetrate combatant ships later
than 1 hr after burst.
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17.8 CONTAMINATION INGRESS
17.8.1 Introduction

If & ship were operating in the base-surge region or in the fallout
zone resulting from a nuclear water-surface or undervater burst, air-
borne radiocective particles could gain access to the ship's interior
through any bresks in the ship's weather envelope. The presence of
redioactive particles would result in radiation fields within the ship,
since the particles might deposit on ship surfaces or remain suspended
in the air within the ship. In such cases, the means of ingress de-
termines the amount of activity entering the ship, and the access paths
effect the amount of deposition and the concentration of activity sue-
pended in the air within the ship. The conditions under which such
ingress of ectivity could occur and the interaction of the ship with the
radioactive particles and with the radiations emitted by those part-
iclee have been studied at field tests, by the use of simulants, and by
theoreticel calculations. Results of these studies will be presented in
17.8.2 and 17. 8. 3.

The investigation of Ref.88 has indicated three possible breaks in
a ship's weather envelope that could provide means of ingress of con-
taminant to below-decks spaces: physical damage to a ship; the boiler-
air system; and the ventilation-eir system. Examination of available
date indicated that the primary effects likely to cause physicell damsge
to & ship operating in the region of a nuclear burst are eirblast and
underwvater shock. Unless a ship were at a range close enough to be im-
mobilized, the deckhousestructure and lightly-constructed nonwatertight
doors appear to be the only topside items likely to be damaged by sir-
blast, and such damage would probably not be of sufficient magnitude to
permit significant ingress of activity belowdecks. Unless a ship 1is at
such close range that underwater shock causes major hull damage, 1t is
unlikely that breaks in the weather envelope will result from under-
water shock. Therefore, means of contaminant ingress which could be of
significance to operable ships were concluded to be the boiler-and
ventilation-air systems. Results of theoreticel calculations and field-
test measurements of the radiation fields resulting from these two sources
of shipboard contaminant ingress follow.

17.8.2 Theoretical Investigations

In an 1nvestigationsgof gamma radiation dose due to contaminated
boiler air, theoretical calculations were made of the dose to boiler-
room personnel due to contaminated air that had leaked through boiler
casings and idle burner ports into the boller room of a destroyer.
Burste of the Shot Baker type, ranging in yield from 20 to 200 KT were
considered. The investigation assumed that the ghip was mobile and
that all activity remained airborne. Only external-gamma and inhalation
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hazards were concidered. Resultn were calculsted for two hollers
operating at 120% of full power, and for ship cntry times into the
contaminated aeroso) ranging from 1 to 10 min after burst, and for
ship exit times ranging from 2 to 20 min. The exact concentrution
of fission-product activity in the seronsol produced by Shot Baker
was not known, but vas estimated to be between 0.1 and L curies/rt3.
The external gamma dose to boiler-room personnel was then calculated
to be from 2 to BB r, respectively. The study pointed out that if
activity were absorbed on surfaces in the combustion air ducts, much
higher doses could result to personnel exposed to the ducts. The
inhalation hazards to personnel are discussed in Chapter 18, which
deals with personnel hazards.

A theoretical investigation&was carried out to estimate the

significance of the doses due to contaminated ventilation air in below-
decks spaces on a ship beyond the region of immobilization at the time
of 8 shallow underweter burst. The investigation considered two cases:
(1) 81l activity carried by the aerosol entering & below-decks space 1is
deposited on the deck of the space; (2) all activity remeins airborne
and flows into and out of the space. It was assumed that no deposition
of contaminant occurred in the ventilation ducts, and that the activity
per unit volume of the aerosol entering the ship was the same as that
surrounding the ship. Since the exact concentration of activity which
would be produced in the merosol by such & burst is unknown, the ven-
tilation-air dose could not be computed directly, and instead wes
expressed as a8 fraction of the weather deck transit dose. Ratios were
calculated for two ventilation conditions: (1) blowers OFF (ventilation
by natural draft); (2) blowers ON (operating at rated capacity for var-
ious speces). Ship entry times into the serosol ranged from 0.3 min to
10 min; exit times, from 1 to 10 min. Results of the calculations indicated
that, for the blowers OFF condition, the ventilation air dose was about
1.3% of the transit dose, and thus would be negligible. For the blowers
ON rondition, the ventilastion air dose for 15 min (vithin the first half
hour after burst) ranged from about 4% to 15% of the transit dose, and
would be significant. The contact-beta and inhalation hazards to per-
sonnel, which nlso may be considerable, sre discussed in Chapter 18,
If deposition occurred along the ventiletion ducts, the ratio of the
vent dose to the transit dose would be reduced in proportion to the
amount of contaminant deposited, but the ducts themselves would then
hecome sources of radiation.

Theoretical mnalyses indicated that, under certain conditions, the
comtustion-air and ventilation-air cystems of & ship could permit the
ingress of contaminated serosol to interior spaces of the ship, re-
sulting in o complex radiological problem. Limited field-test exper-
iments were carried out to determine the extent of the problem.
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17.8.3 Weapons-Test Data

1. Water-Surface Bursts

Operation Castle: Measurements were medePin the ventilation
systems of the test ships (YAGS 39 and 40) to obtain evidence on (1)
the concentration of airborne activity entering them, (2) the effec-
tiveness of ventilation countermeasures , and (3) the extent to which
airporne material was deposited in the system. BSmall ventilation
cubicles (16x25x10 £t) were built into the between-deck space of the
No. 3 hold of each YAG. Each cubicle had its own duct system with a
mushroom-head type of intake, and the system was built to provide
adequate flow for measurements of activity per unit volume of air
carried into the spaces for seven different conditions of ventilation.
The conditions included the standard system, operation of the fan at
low speed, use of s precipitron mounted in the duct near the intake,
use of an openmesh (ACC) filter, etc. Some data were obtained following
Shots 2, 4, and 5.

Attempts to accurately measure particle sizes of the radiocactive
material in below-decks spaces failed because of the low activity in
the molecular filters at the time the analysis began, but it was
estimated that the mean dismeter of particles gaining entrance to the
ship's interior was of the order of 1u or less.

Measurements in the ventilation systems for Shots 4 and 5 resulted
in the following conclusions: (1) there was a gradual decrease in con-
centration of airborne activity between station 1, directly beneath
the mushroom intake, and station 5, in the cubicle exhaust; (2) in the
test systems where no particle-removing device was present, there was
a marked uniformity of airborne-activity concentration, (3) in cubicles
ventilated by unprotected duct systems, the average airborne-activity
concentration was sbout 0.02% of the average weatherside concentration,
and the perticle concentration in the duct was not greatly influenced
by the flow rate through the duct; (4) ventilation countermeasures
(the ACC filter and the precipitron) effected a reduction of 94% to 98% in
the airborne concentration; (5) gamma radiation from the ducts was about
the same, or less than, the gamms radiation penetrating the decks from
weather-surface deposits; (6) an increase in activity occurred near the
region of the supply-duct Y branches.

Measurements in the boiler systems were obtained only from Shot L,
and indicated that airborne-activity concentrations in the fire room
of the YAG-U4O were negligible. Samplers located in the boiler systems
showed higher deposition than those in the duct sections. However,
significant comparisons could not be made between activity concentrations
in boiler-air systems and either the weatherside area or the ventilation
area.
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No contamination-infress measurements were made at Operation Redwing.

2. Underwater Bursis

Operation Crossroads, Shot Baker: All ventiletion-system
openings on target ships were seoled prior to Shot Baker. However,
damage to the cover (an opening about © inches square) on the ventil-
ation system for the after engincroom of USS CRITTENDEN (1686 yd from
surface zero) permitted entry of contuminant. Eighteen months after
Shot Baker, the dust éf the contaminated ventilation system was re-
covered and analysed. Fission products equivalent to 115 microcuries
of radiocactivity were recovered from the dust et that time, and it was
colculated, from radiochemical anelysis and fission-product decay schemes
that about 370 curies of redioactive nerosol entered the ventilation
system from the base surge. The ship was, of course, rendered im-
mobile by the burst, and was engulfed by the base surge for about 1L
min. Thus, & significant amount of contaminant gained ingress through
the small break in the weather envelope.

Operation Hardtack: At Operution Hardtack, several projects were
concerned with shiphoard ingress of contaminant, 33,%and the effects at
below-decks locations. Three ventilated compartments were instrumented
on the moored and washed DD-592. Conditions simulated the operational
condition of blowers OFF, but no closures were used in the ventilation
system. Meesuremcntis were made of contaminant ingress in (1) the galley,
(2) the after engineroom, and (3) the after crew's Quarters. In addition,
fullpower airflow was maintained through an unfired boiler in the after
fireroom, which was also instrumented. The destroyer was moored with
its starboard side to surface zero, 3000 ft downwind éuring shot
Umbrella, and 4900 ft downwind during Shot Wahoo. Two other destroyers
(DD-474 and DD-593) were also moored downwind with their sterns to sur-
face zero. The forward firerooms of all three destroyers were instru-
mented with film badges and recording radiation detectors, and one
boiler was fired with an uairflow of about half the fullpower airflow.

The following table, taken from Ref.33, summarizes the conclusions on the
probable paths of activity ingress into instrumented compartments.

BEST AVAILAZLE “OPY
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Table 17-9. Estimates of portion of external gammo dose due to
ingress of contaminant, DD-592, Shot Umbrella. 66

N ———— v ————

Compartment GITR Total | Film Badge | Ingress Dose |% Contribution]
Dose (r) Dose (r) |Estimate (r) Due to
ingress Dose
Galley 2088 + L3 | 290 + 58 2 to 78 0.7 to &7
“Forwerd Fireroom
(upper level) 52 + 8 F 58 +212 4 o 18 8 to 35
After Fireroom
(upper level) 65 + 10 65 + 13 8 to 26 12 to 40
After Engineroom
(u;;-rnge::&) 81+12 | 95+ 19 9 to,31 11 to 38
mﬁ i o
F?lm, l;e::l) 25 + b 26 + 5.2 8 to 13 33 to 50
After Fireroom .
(lower level) 28 + 4 28 + 5.6 11 to 15 39 to 54
After Engineroom
(lower ?.evel) 26 + 4 32 + 6.L 14 to 18 Sk to 69
After Crev’
Qu::'ter:v ° 158 + 2L 118k + 37 |1.5 to 5O 1to 32

It wes concluded%that full-power operation of both boilers with
ventilation systems open would more than doudble the fireroom ingress
dose estimated for the test conditions (1l-boiler operation and sealed
ventilation openings). In addition, use of regular boller fuel (in-
stead of the diesel oil used during the tests) would result in larger
soot deposits and therefore probably further increase deposits of radio-
active materiel in the boiler.

Estimates of total ingress dose (boiler air and ventilation air)
from film-badge data for Shot Wahoo indicate that the doses in test
compartments in DD-592 were comparable to those st Shot Umbrella, even
though the ship was slightly further away from surface zero.t6 Estimates
of external dosec duc to boiler sir alone on all the ships were higher
for Shot Wahoo than for Shot Umbrella by factors of 2 to ©.
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It was tound@éat Shot Umbrella that 90% to 95% of air-sample activity

collected in the test compartmente was due to particles in the submicron
size range. The particles were readily airborne, and were capable of
being respired.

ration Wi + There was no detectable contaminaetion of the
interior of YAG 39, except for the slight contamination indicated in
various seaswater cooling systems and in the main trunk and pipe lines
of the washdown system.3l

3. British Experiments

A misgt was simulated at preliminary British trials, according to
Ref. 92, and measurements were made of particulate deposited in the com-
bustion-gas paths of the boilers. It was found that more than 95% of
the particulate intake consisted of "large" size particles that were
deposited in the plenum chamber and fans. About 15% to 20% of the total
rediocactivity that got past the fans deposited as small particles on the
boiler brickwork, and about 20% of the small-particle intake deposited
eas soot in the boiler (10% in the main tube banks and 10% in the econ-
omizer).

17.8.4 Summary

Previous studies have indicated that the combustion-and ventilation-
air systems are the only means of contaminant ingress of significance
abmrd operable ships. For water-surface bursts, it 1s estimated that
negligible amounts of contaminent would gain access to below-decks spaces
via these systems. However, test data in verification of this estimate
are meager, and no theoretical analyses of the situation have been
performed.

For underwater bursts, theoretical analyses indicated that in ships
traversing the base surge from a Shot Baker type of burst, the doses
due to contaminated aerosol reaching below-decks spaces via ventilation
or combustion-air ducts would be small in comparison to the weather~
deck doses. However, it was pointed out that such doses could become
significant to personnel who are well shielded from the weather-deck
radiation. Also, the amount of deposition along the ducts, an unknown
factor, would affect the total doses. Available test data from Shot
Umbrella have, to an extent, verified the theoretical estimates. The
weather deck transit dose on the DD-592 was slightly greater than S00 r
in 30 min. In below-decks test compartmentgé doses due to 1ngress of

contaminated ventilation air were estimated®to be between 1.5 and 78 r.
The minimum estimated ingress dose in each compartment is within + 50%

of the theoretical estimate of 1.3% of the transit dose, although some
of the maximum estimated ingress doses are as much as a factor of 7
larger than the theoretical estimate of Ref. 88, The doses at Operation
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Hardtack resulting from combustion air intakes were within the dose
range estimated theoretically.89 It should be noted that accurate
estimates of ingress dose mre still impossible. References 33 and 66
represent the best available information, but even in these etudies,
results could be precented only as a wide range of values due to
uncertainties, assumptions, and epproximatione in the ingress-dose
estimates.

Tor underwater bursts at shallow or moderate depths, such as Shots
Umbrella and Wahoo, comparison of estimated ingress doses with total
doses at below-decks locations reveals that the doses due to ingress
of contaminant were in all cases secondary to the doses due to transit
radiastion. However, if shielding were provided to reduce the dose due
to exterior traneit radiation, then radiaetion due to interior contam-
ination from bursts such as these two could require consideration.

For deep underwater bursts, such as Wigwam, there was no detectable

contamination of ships traversing the path of the aerosol within 20 min
after burst.

17-112



. m—w ——r. r—— - o o o - —— . - =

HAPTER 17

C

REFERENCES
1. Shnider, R.W., Compilation and Empirical Analysis of Radiant
Exposures From Nuclear Surface Bursts USNRDL-TR-658,

September 1963

2. Capabilities of Atomic Weapons , Armed Forces Special
Weapons Project, TM 23-200, OPNAV INSTR 03400. 1B, Rev.

3. Hillendahl, R. W, Charactveristics of the Thermal Radiation
From Nuclear Detonations Vol. III, USNRDL TR-383
AFSWP-902, 30 June 1959

4. Sulit, R.A., Prediction of Shipboard Thermal Combat Ineffectives

(U), USNRDL TR-427, 7 June 1960——_——

5. Shurcliff, W.A., Bombs at Bikini, the Official Report of Operation

Crossroads, Wm. H. Wise and Co., Inc., N.Y., 19_

6. Monahan, T. I., Derksen, W, L., Effects of Thermal Radiation

C ,_ oi iaterials WT-772, Operation Upshot-Knothole, May 1954

7. Bruce, H.D., Incendiary Effects on Building and Interior Kindling
Fuels 'T-774, Operation Upshot-Knothole, March 1954

B. Sauer, F., Arnold, K., Ignition and Persistent Fires Resulting

From Atomic Explosions, WT-775, Operation Upshot-Knothole,
January 195
9. Laughlin, K. P., Thermal Ignition and Responses of Materials,
WT-1198, Operation Teapot, July 19605__
10. Effects of Thermal Radiation From a Nuclear Detonation, Opera-

tion BUFFALO, FWE-199, July 1958-

11. A Summary of Thermal Radiation Measurements Made by the U. K.
at the Monte Bello Totem I and Totem II Bursts, FWE-5

12. Butler, C.P., Martin, £.B., Char Depth Measurements at
Operation Teapot, USNDL-TR-144, AFSWP-1010, 29 July 1957

4
C 17-113

——ar —— —— e —



DNA 1240H-2

13,

14,

16.

17.

18.

19.

20.

2l.

22.

23.

Martin, S.B., On Predicting the Ignition Susceptibility of
Typical Kindling Fuels to Ignition by the Thermal Radiation
From Nuclear Detonations, USNRDL TR-307, AFSWP-1135,
21 April 1959

Thermal Data Handbook, AFSWP-700, 1954 —

Derksen, W. L., Carter, J. A., Effects on Materials of Thermal
Radiation From Nuclear Detonation . T . }
Hardtack, September 1960

S. Martin, USNRDL, Proposed Nomographs, USNRDL-TR in
Preparation.

Ferguson, J.M., Early Time Gamma Radiation From Nuclear

Weapons (U), USNRDL TR-600, June 1961—

Goad, W.B., Allen, L., Jr., Vulnerability of Nuclear Weapons
to Neutrons From a Nuclear Explosion, LA2246, September

GClasstone, S., Effects of Nuclear Weapons, U.S. Atomic Energy

Commission, 1_——

Gibson, H. F., Miller, W., et al, Delayed Gamma-Ray Measure-

>

ments Part I, Camma-Ray Spectrum Measurements, (abridged),

WT-76, Operation Greenhouse, April 195—

Gibson, H.F., Miller, W,, et al, Delayed Gamma-Ray Measure-
ments Part L Operation Greenhouse, February 1954

Malik, J.S., Summary of Information on Gamma Radiation From

Atomic Weapons, LA-1620, January 1954—

AFWSP Field Command, Technical Summary of Military Effects,
Programs 1-9, Operation Hardtack Preliminary Report, ITR-1660,
23 September 1959

®

*




S e,

CH!LTER 17

24. The Nuclear Radiation Handbook AFSWP 1100, Nuclear Develop-
ment Corp. of America, White Plains, N.Y., 25 March 1957,

25, Blaylock, John A., A Study of the Sulfur Neutrons From Fission

26. Brown P., Carp, G., Gamma Rate vs Time, WT-913, Operation

27. Brown, P., et al, Gamma Exposure vs Distance, WT_1310
Operation Redwing, February 1960

~

28, Rainey, S.C., Shnider, R. W., Weapons Effects Predictions for

AEC Diagnostic Weapons USNRDL-TR-ssz-__

29. Strope, W.E., Investigation of Gammma Radiation Hazards Incident

to an Underwater Atomic Explosion, Operation Crossraods (U),

30. Tuck, J. L., Radiation Intensity vs Time Inside Target Ships,
“Crossroads Technical Instrumentation Report, Project V-I1I,

LAMS-439, September 1946—

31. -Hawkins, M.R., et al, Determination of Radiological Hazard to
Personnel, WT-1012, Operation Wigwam, July 1956 (OUO).

32. Evans, E.C., III, and Shirasawa, T.H., Characteristics of the
Radiocactive Cloud From Underwater Bursts WT-1621,

Oieration Hardtack, January 1962

33, Bigger, M. M., Rinnert, H.R., Za
Radiation From Underwater Bursts

Hardtack, March 196!
’Tri arti i at
1

35, Behrens, W.V., Shaull, J. M., The Effects of Short Duration
Neutron Radiation on Semiconductor Devices; Proceedings of
the I.R.E., Vol. 46, No. 3, March 19“
C 17-115

e

orites, H.A., Shipboard
WT-1619, Operation

34. Williams, J.H., Ship Shielding
NRDL, 1960, Vol. 1I, R&L No.

e . —— ——————— s T —— — — — - - - - T




)

DNA 1240H-2

36, Haas, P.H., Shaull, J. M., Rehrens, W.V., Effects of Nuclear

Radiation on Semiconductor Devices WT-14€9, Operation
Plumbbob, October 1960

37. Behrens, .V., Shaull, J. M., Effects of Nuclear Radiation on

cer'mccmductor Devices WT 1742, Operation Hardtack,
5 May 1961

38. Conrad, E.E., Dobriansky, B.J., Siman A., et al, Effects of
Nuclear Radiation on Electronic Fuze Components and Materials

. wr-"ii iieration Hardtack, 30 June 19__

39. Miller, B., Industry Probes Nuclear Pulse Radiation, Aviation

Week, 8 August 1960—

40. Molumphy, G.G. and Bigger, M. M., Proof Testing of Atomic
Weapons Ship Countermeasures, WT 927, Operation Castle,

October 1957

Studies WT-1321, Operation

41]. Rinnert, Ship €hieldin
Redwing, July 1959

42. Triffet, T., and LaRiviere, P.D., Characterization of Fallout

. WT- 1317 Operation Redwmg, 15 March 1961

43, Laurino, R.K., Schultze, D. P. and Van Den Berghe, G.C,,
Decision Procedures and Information Requirements for Ship-
board Radiological Defense USNRDL TR-407, 15 March
1960

44. Coles, J.S. aAd"Ydung, G.A., Investigations™of Base Surge
‘Phenomena, NAVORD 1744, 1 September 195_

45. -Arons, A.B., Young, G. A. and Milligan, Mary L., Further

flnvestiiations of the Rase Surge,'NAVORD 2144, 1 June 1951
46. PBurrows, W.L., An Evaluation of Base-Surge Radicactivity...
ARL/R.1/C.759, May 1954

47. Qeapons Effects Predictions for Operation Willow Surface/
ubsurface Events, USNRDL TR-346, September 1959

w

17-116



P

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

CHAPTER 17

-Huebsch, 1.0., A Model For Computing Base-Sutge Dese-Rate
fhistories For Underwater Nuclear Bursts - -653
May 1963

1 Swift, -E.. Jr., Youn,
?Underwater Bursts
1962

, G.A., et al, Surface Phenomena From
WT-1608, O i ardtack, March

Ksanda, C.F. and Laumets, E., Computation of Early-Time
Fission Product Dose Rate Spectrum and Air Attenuation, USNRDL
TR-361, 14 September 1959

Zigman, P.E, and Mackin, J.L., Early Time Decay of Fission

Product Mixtures Il Gamma Energy Release and lonization Rates
Following Thermal Neutron Fission of U-Zﬁ' USNRDL TR-

400, 11 February 1960

Goldstein, H. and Wilkins, J. Ernest, Jr., Calculation of the

Penetration of Gamma Rays, AEC Report-NYO-3075, 30 June
1954 —

Ksanda, C.F., Shapiro, E.S. and Laumets, E., Attenuation of

Gamma Radiation From Different Source Configurations, Vol. I
Theoretical Basis, USNRDL-TR in preparatic_

Laumets, E., Attenuation of Gamma Radiation From Different
Source Configuration, Vol. III, Graphs for Computing Steel-Slab
Attenuation of Air or Water Volume-Source Radiation, USNRDL-
TR in preparation

Ksanda, C.F., Ship Shielding Calculations, and Computational
Results, Proceedings of Tripartite Symposium on Technical

Status of Radiological Defense in the Fleets, Vol. 1, R&L,

Dolan, P.J., Gamma Spectra of Uranium-235 Fission Products
at Various Times After Fission, AFSWP 524, March 1959

Laumets, E., and Ksanda, C.F., Pseudospectra for Calculating

Garnma-Rai Shielding Attenuation, USNRDL-TR in preparation

17-117

-

e [

- — e ——— = T T




DNA 1240H-2

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Zagorites, H., Carr, E.A., Lee, D.Y., The Effects of Nuclear
Radiation Environment at Sea on Shipboard Electronic Equipment,

USNRDL TR in preparation.

Tomoeda, S., Hastings, M. B. and Miller, W.G., Gamma-Ray
Penetration Experiments for a Light Aircraft Carrier Using

Distant Sources and Sources Simulating Contamination of the

Hull, USNRDL-TR-533, October 1961

Adams, C.E., Farlow, N.H., Schell, W.R., The Composition,
Structure, and Origins of Radioactive Fallout Particles, USNRDL

TR-209, February 1958-—_—

Armstrong, W.J., Bigger, M. M., Curtis, H. B., LTJG USNR,
Verification of Shipboard Countermeasures, WT-1324, Operation

Redwing, February 195_

Wilsey, E.F., French, R.J., West, H. L., Jr.
WT-916, Operation Castle, February 1956
DATA).

Tompkins, E.R., Werner, L.B., Chemical, Physical, and

R

adiochemical Characteristics of

Operation Castle, September 1955
DATA).

Stetson, R. L., et al, Distribution and Intensit
WT-915, Operation Castle, January 195

the Contaminant, WT-9I7

of Fallout,

Report of the Technical Director Operation Crossroads, Encl.

J,

B
U

XRD-209, 1946

igger, M. M, , et al, Shipboard Contamination Ingress From

nderwater Bursts

December 196

'T-1620, Operation Hardtack,

Anderson, A.D., A Theory for Close-In Fallout From Land-
Surface Nuclear Bursts, Journal of Meteorology, Vol.

N

e

0. 4, pp. 431-442, August 1961—.

18,

sanda, C.F., Shnider, R. W., Meggs, H., Weapons Effects

17-118

e —— e ———— "\ - g~ R m

- ———

redictions for Operation Willow, Chapter 7, NRDL TR-3456,



PN

a

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

CHAPTER 17

Ksanda, C.F., Minvielle, L., Moskin, A., Scaling of Contami-
nation Patterns, Surface and Underground Detonations, USNRDL

Laumets, E., A Method of Determining Ship-Shielding Factors
for Fallout Gamma Radiations, USNRDL-TR to be published

Laumets, E., Attenuation of Gamma Radiation From Different
Source Configurations, Vol. II, USNRDL-TR in review,

Shumway, B.W., Tomoeda, S., et al, The Dose Distribution
Within an Aircraft Carrier Exposed to Uniform Co®Y Contami-
nation on the Flight Deck, USNRDL-TR-466, September 1960

|

Tomoeda, S., Kreger, W,.E., et al, Gamma-Ray Penetration

Into the Compartments of a Light Aircraft Carrier, USNRDL-

Haggmark, L.G., Ship-Shielding Factors - Computational
Method Compared to Experimental Results, USNRDL-TR-514,

June 1961

Waldorf, W.F., Jr., A Correlation Between Theory and Experi-
ment in Ship Shielding Studies, USNRDL-TR-373, October 1959

dl

Folsom, T.R., Werner, L.B., Distribution of Radioactive

Fallout by Survey and Analysis of Sea Water, WT-935, Operation
Gaste arrit 5oguy

Jennings, F.D., et al, Fallout Studies by Oceanographic Methods,
WT-1316, Oieration Redwing, November 1956i—

Vanlint, V., Killion, L.E., Chiment, J.A., Campbell, D.C.,
Fallout Studies, During Operation Redwing, ITR-1354, October

W. A. Shurcliff, Technical Report of Operation Crossroads,

XRD-208, Novemb_er'_—_

-



DNA

80.

1240H-2

Palumbo, R.F., Lowman, F.G., Welander, A.D., Weeks, D.R.,
Distribution of Radioactivity in Sea Water and Marine Organisms
Following an Underwater Nuclear Detonation at the Eniwetok

Test Site in 1958, UWFL-58, Laboratory of Radiation Biology,
University of Washington, February 1959ﬂ

&l1.

82.

83.

84.

85.

86.

87.

88.

89.

Duckworth, J. W,, et'al, Sea Water Radiological Monitoring
Methods (U), WT-1689, Operation Hardtack, June 1959

Isaacs, J.D., Mechanism and Extent of the Early Dispersion of
Radicactive Products in the Water, WT-1014, Operation Wigwam,

March 1962 .

Van Dorn, W.G., Collection of Early Water Samples for Radio-
chemical Analysis and Yield Determination, WT-1039, Operation

Wigwam, March 19 57—

Folsom, T.R., Mechanism and Extent of the Dispersion of Fission
Products by Oceanographic Processes, and Locating and Measur-
ing Surface and Underwater Radiocactive Contamination, wWT-1015,

Operation Wigwam, July 1956ﬁ_

Morgan, D.T.G., H.M.S. DIANA in Light Fallout, Operation
Mosaic, Proceedings of Tripartite Symposium, USNRDL R&L

No. 103, Vol. III, 16-20 May 1%(&'

Evans, E.C., III, Some Observations and Speculations on Base
Surge Phenomena, Proceedings of Tripartite Symposium, USNRDL
R&L No. 103, Vol. II, 16-20 May 1960 “

Laumets, E., Ship-Shielding Factors for the USS RANGER,
USNRDL-TR in preparation.

Shnider, R.W,, Morris, C.E., Significance of Breaks in Inte-
grity of Weather Envelopes of Ships Operating During an Under-

water Atomic Attack, USNRDL-TR-51, April 1955“

Teresi, J.D., Shnider, R.W., Rinnert, H.R., Personnel
Radiation Hazards Incident to Ship Boiler Operation Following
an Underwater Atomic Attack, USNRDL-TR-16, September
1954

17-120




90.

91.

92.

CHAPTER 17

Wallace, N.R., Kawahara, F.K., Sherwin, J.G., Zaccor, J. V.,
Shipboard Interior Contamination, Chapter 6 of WT-927, Proof
Testing of Atomic Weapons Ship Countermeasures, October

Holden, F.R., et al, Radioactive Contamination of Ventilation
Supply System, U.S.S. CRITTENDEN, From Raker Explosion,
Operation Crossroads, USNRDL-551, NS085-005, AD-200(x),

Hallifax, LCDR, J.C., Deposition of Mist in Combustion Gas
Paths of Boilers, Evaluation of Preliminary Trails in H. M.

Ships Battleaxe and Decoy, ARL/R1/C758, April 1956, Memoran-
dum

17-121

— e e g e 10 A Seoa e oS




-—

DNA 1240H-2

THIS PAGE IS INTENTIONALLY BLANK

17-122



Addendum No. 1
for
DNA 1240H-2, Part2

HANDBOOK OF
UNDERWATER NUCLEAR EXPLOSIONS

21 January 1974

The attached pages (18-25 through 18-34) are to be inserted in
Chapter 1B of your copy.of the above handbook per DNA letter of

approval dated 2 January 1974.

M. J. Dudash

DASIAC

General Electric Company-TEMPO
816 State Street

Santa Barbara, CA 93102

- e - — -



e e
CONTENTS
CHAPTER TITLE PAGE
VOLUME 2 — PART 1
11 INTRODUCTION 11-1
12 UNDERWATER EFFECTS ON SURFACE SHIPS 12-1
13 AIRBLAST EFFECTS ON SURFACE SHIPS 13-1
14 SURFACE SHIP STRUCTURAL RESPONSE AND DAMAGE
DEVELOPMENT: THE EFFECTS OF SURFACE WAVES 14-1
15 SURFACE SHIP EQUIPMENT DAMAGE FROM
UNDERWATER PHENOMENA 15-1
VOLUME 2 - PART 2
o 16 THE EFFECTS OF AIR BLAST ON SURFACE SHIP
L EQUIPMENT 16-1
17 THE INTERACTION OF SURFACE SHIPS WITH THE
THERMAL AND RADIOLOGICAL ENVIRONMENT 17-1
18 SURFACE SHIP PERSONNEL CASUALTIES: EFFECTS OF
UNDERWATER SHOCK ON PERSONNEL 18-1
ey
19 SUBMARINE HULL RESPONSES AND DAMAGE
DEVELOPMENT 19-1
20 SUBMARINE EQUIPMENT 20-1
21 UNDERWATER SHOCK EFFECTS ON SUBMARINE ’
PERSONNEL 21-1
22 NAVAL MINE SWEEPING WITH NUCLEAR
EXPLOSIONS 22-)




'

-,

19 August 1973 CHAPTER 18

18.7 THERMAL AND NUCLEAR RADIATION EFFECTS ON SURFACE SHIP PERSONNEL

Section 18.7, Thermal and Nuclear Radiation Effects on Surface

Ship Personnel, is a brief addendum to Chapter 18, which presently contains

information only on effects of underwater shock. This addition points out
possibilities of effects on those personnel exposed to thermal and nuclear
radiation from water bursts, and presents the new risk and casualty cri-
teria for combat troops. Differences are noted in environmental conditions
and tasks of surface ship personnel from those encountered by ground com-

bat troops.

In the following paragraphs, thermal and nuclear radiation risk
and casualty criteria are specified for combat troops exposed to air or
land-surface bursts. Brief note is made of certain water-burst phenomena
producing thermal and nuclear radiation that may affect ship personnel in

an environment differing markedly from that of combat troops.
18.7.1 Casualty and Risk Criteria
Effects of thermal and nuclear radiation on personnel are presented

in a number of published documents and reports. Two recent documents pre-

sent a summary of much of the information. The first is Personnel Risk

and Casualty Criteria for Nuclear Weapons Effects . which specifies new

criteria for militarily significant effects on ground troops, and also con-

tains an extensive list of references. This reference defines '"personnel

risk criterion" as the level of exposure to a8 nuclear weapons effect such

that specified incidences of casualties will occur, but neutralization of

friendly troops will not occur. A "casualty criterion” is defined as the

level of a particular weapons effect parameter at which permanent combat
ineffectiveness (personnel unable to perform any task) will occur within
50% of the population exposed to that level. The specified new criteria
for combat troops (termed CDC criteria in the remainder of this section)

are given in Table 18-2.
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Table 18-2
CDC NUCLEAR AND THERMAL RADIATION CRITERIA

New Nuclear Radiation Criteria

Risk % M{d Trunk Midline Dose (rad,
Single Exposure Incidence Mechanism Dose (rad) free-in-air)
Negligible 2.5 e Vomiting 35 50
Moderate 5 e Vomiting 45 70
® Combat
Emergency 5 Ineffective 100 150
Casualty Mid-line Dose

Time to Ineffectiveness Mid-Head Dose (rad) (rad, free-in-air)
15 min 14,500 19,000
1 br 10,700 14,000
4 hr 9,220 12,000
8 hr 8,300 11,000
24 hr 4,000 5,000

Pl

New Thermal Radiation Criteria

Risk Criteria for Burns Under Summer Uniforms to Warned, Exposed Personnel

7 Incidence Mechanism 10KT nmw\nam 100KT cal/cm

2 1000KT nm~\05~

Negligible 2.5 _m burn 3.1 4.2
Moderate 5 —o burn 3.7 5.0
Emergency 5 2" burn 6.3 8.8

5.8
6.8
12

Casualties due to 2nd Degree Burns

Time to Ineffectiveness 7 Incidence 10KT om~\03~ 100KT cal/cm

2

1000KT nm~\03~

24. hr 50 38 53

73
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Personnel casualties and expected incapacitation resulting from ex-
posure to nuclear weapon effects parameters at a number of levels besides

those specified in the CDC criteria are also discussed in Capabilities of

Nuclear Weapons ‘, referred to as EM-1 in the remainder of this section.

Both of the aforementioned documents discuss effects of air or
land-surface bursts on troops, but do not consider the specific environ-
mental conditions of shipboard personnel exposed to the thermal and radio-
logical effects of a water-surface or underwater burst. For instance, the
CDC risk criteria are based on low incidence of sickness among many sol-
diers, and are assumed to result in the non-neutralization of friendly
troops. On board ship, however, only a few individuals may be trained in
the performance of specific tasks, and even temporary ineffectiveness may

significantly hamper operations.

The CDC radiation criteria are based on responses of monkeys, under
controlled conditions, since most available information on effects on hu-
mans are derived from hospital patients. These subjects in many cases are
not comparable, physically, with ships' personnel or combat troops. How-
ever, certain effects noted in human patients should not be ignored. Among

a number of older patients (Saenger, et al., 1970), it was found that after

whole-body exposure of as little as 100 rads, some individuals experienced
nausea and vomiting of the same duration and severity as those receiving
whole-body doses twice as great. After 150 rads exposure, over ome-half
the patients experienced severe nausea and vomiting. Among somewhat

younger patients in better physical condition (Saenger, et al., 1971),

four of seven patients who received 200 reds whole-body radiation were so
i1l (nauses and vomiting) immediately following irradiation as to markedly
impair their ability to function. In another report, all patients (in good
general condition) receiving 300 rad sbsorbed dose within about 15 min ex-
hibited the same symptoms with 1little individual variation (Rider and
Hasselback): after an ssymptomatic interval of 45-60 min, projectile
vomiting followed for 15-20 min, succeeded by deep sleep alternating with
vomiting for 6-8 hr. Shipboa;d‘persoqu}hco affected would be 'temporary

. d )

Ty e . 0
casualties', a category not“fﬂcfﬁdedf%n" CDC criteria, which consider

only permanent ineffectiveness.
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In some cases, the asymptomatic interval is even shorter than noted
by Rider and Hasselback. Fig. 18-19 was prepared by Dr. Thomas Mobley of
Air Force Weapons Laboratory, and will be published in a forthcoming
Technical Report. The figure illustrates radiation effects on a young man
(about 6 ft 4 in. tall, weighing about 180 lb), observed and documented by
Dr. Mobley at the Ontario Tumor Clinic. The asymptomatic interval after
irradiation in this case was only about 25 min, and for 5 hr after that,
the patient was incapable of performing any task. Similar effects were
noted, according to Dr. Mobley, in the treatment of patients at Naval Hos-

pital, San Diego, California.
18.7.2 Thermal Radiation

Thermal radiation from underwater bursts is either negligible or
non-existent, and will cause no injuries or incapacitation to shipboard
personnel. Thermal radiation from a surface burst will not affect below-
decks personnel, but the eyesight and/or exposed or lightly covered skin

areas of topside personnel may be affected.

Although no CDC casualty or risk criteria are given for either
retinal burn or flashblindness, it should be noted that vision is vital to
task performance of many topside personnel. Visual acuity is only slightly
affected by a retinal burn (a permanent effect), unless an individual is
looking directly at the fireball, a circumstance considered unlikely. How-
ever, vision may be immediately temporarily, partially, or totally impaired
due to the bright flash of a nuclear burst, even though the burst is not
directly in the visual field. Time for recovery fram this conditionm, termed
flashblindness, may be from several seconds to several hours, depending on
exposure conditions. Such effects can occur at far greater distances from
surface zero than are hazardous due to any other weapon effect, and the
possibility that some topside personnel may be unable to perform their

duties should be noted.
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Fig. 18-19
CLINICAL RESULTS OF PATIENT WITH 264 RADS MLT DOSE
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The CDC thermal radiation criteria deal with times to ineffective-
ness from burns of not less then 24 hr. The document states that data in-
dicate that complete ineffectiveness within 8 hr or less may not be achieved
by thermal burns, and notes that burns around the eyes or hands may cause
local disability that may or may not be incapacitating within a day or so.
EM-1 points out that any burn around the eyes that causes occluded vision
because of resultant swelling of eyelids will be incapacitating, and burns
of the hands will also cause ineffectiveness. Accurate vision and use of
their hands are task requirements of many topside personnel, such as flight
deck personnel on a carrier. Cheek or hand burns resulting from exposure
to thermal radiation from a surface burst could produce temporary ineffect-

iveness for certain tasks within a very short time.

The CDC thermal emergency risk criteria (second degree burn) for
warned, exposed personnel in summer uniform is 12 cal/cm2 from a 1 MT burst.
Analysis of nuclear test data in the Pacific indicates that this level of
exposure would occur at about 10,000 to 11,000 yd from surface zero, with

the moderate risk level of 6.8 cal/cm2 at about 14,000 yd.

18.7.3 Nuclear Radiation

Sources of nuclear radiation resulting from water bursts differ in
several respects from those of air or land-surface bursts. Furthermore,
the nuclear radiation produced by water-surface bursts differs from that

produced by underwater bursts due to phenomenological differences.

Water-Surface Bursts

Water-surface bursts produce primary neutron and gamma radiations
(initial radiation) that are emitted by the fission products in the fire-
ball and above surface formations. These radiations are similar to those

emitted by the corresponding formations of a land-surface burst. It is

18-30
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stated in EM-1 that the methodology for calculating total initial radi-
ation exposure as a function of distance from land-surface bursts of
several weapon types, given in Chapter 5, may also be used for water-sur-
face bursts. Since a ship's structure forms effective shielding, only
topside personnel could be affected by this radiation. However, since
initial radiation attenuates rapidly with distance, in only rare in-
stances would it have a dominant effect. -For instance, it is estimated
that topside personnel could be exposed to the CDC emergency personnel
risk criteria of 150 rad midline dose at about 3000 yd from a 1 MI 1007
“f{ssfon burst. At such close-in range, other weapon effects are expected
to dominate, as noted in the figures illustrating Governing Effects in

the CDC document, as well as by Hansen and by Klingman.

Residual radiation is produced by radioactive particles in base
surge, fallout, and in the water. A base surge due to a water surface
burst has never been observed. However, it is probable that some radio-
logical debris combines with the water particles that form the column wall
during fireball rise and disintegration. As a result, a radioactive base
surge should occur as the column walls return to the surface, although the
walls may be so tenuous that the surge would be invisible. Neither data
nor models exist to }redict transit radiation from water-surface bursto;
The fallout from water surface bursts has been observed to return to the
surface very slowly, usually dispersed by the wind, and only low-level
radiations are emitted by the time it reaches the surface (Huebsch). If
it deposited in ship ventilation ducts or in unwashed locations on deck,

a continuously-emitting source of low level radiation could form below
decks. Such radiation could produce adverse effects such as fatigue and/

or reduced ability in exposed personnel, but only after a considerable

time had elapsed (Luahbaugh).BEsT AVA‘LABLE R::DPY

The water around surface zero is probably radicactive, particularly
within the first hour or so after burst. 'Personnel in a small boat in the
‘Swater for 1/2 hour or more could be exposed to levels of radiation meeting

or exceeding personnel risk criteria.
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Underwater Bursts

Initial radiation from underwater bursts is not considered a per-
sonnel hazard. Residual radiation is emitted at a high level from radio-
active particles in the base surge, the water pool, and the foam produced
by underwater burstc.* A radiocactive base surge rainout may also occur,
depending on meteorclogical conditions. Topside personnel could receive
exposures from above-surface formations that would be in the moderate or
emergency risk categories of the CDC criteria, even though the ship itself
was sufficiently far from surface zero to suffer no serious damage. ‘The

* DAEDALUS computer program (Schuert, Killeen, et al.) will calculate ex-

_’posure rates and total exposures from the base surge and the water pool,
" for times up to 30 min after burst. However, the yield range is limited

to bursts between 0.01 and 150 kt.

1f the base surge entered ventilation ducts or any break in a
ship's weather envelope, radiocactive particles could settle out and create
4 continuously emitting radioactive source below decks. Adverse effects
.on personnel would occur, but only after a period of time that would be

long in relation to a particular tactical situatiom,

BE
18.7.4 Summary sTAvA".ABLE COPY

Environmental conditions and tasks of shipboard personnel exposed

to thermal and nuclear radiation from water bursts differ from those of

*
' Young has categorized underwater bursts by burst depth for yields

between 1 and 100 kt and has described differences in the phenomena pro-

Quced in each category. Different above-surface formations result in dif-

ferences in emitted nuclear radiation.
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combat troops exposed to air or lsnd-surface bursts. It is suggested
that the temporary combat ineffectives that wmay occur smong topside
shipboard personnel could present problems of a different significance
than is observed among ground combat troops, and that the long-term

effects of radiation sources within the ship be considered.
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CHAPTER 17

Table 17-8. Compartments in which it is estimated that radiation fields
were caused by ingress of radioactive contaminants.

Compartment Ship Shot Probable Ingress Path
Galley DD 592 Umbrella | Ventilation air
Forward Fireroom All Three Umérelle Boiler aﬁr (fired
_Eprvard Engineroom 2;3 re ondenser water (?7)
[ATter Frireroom DD 592 Umbrella Bo%ggie:§r (unfired
ATter Engineroom DD 592 Umbrella | Ventilation air
After Crew's Quarters | DD 592 Umbrella | Ventilation air

The film-badge doses in the forward fireroom varied with location,
the highest doses being at stations closest to the blower room of the
operating boiler. The following average dose values, summarized from
e table in Ref. é5, indicate for Shot Umbrella the portion of the total
gamma dose estimated to have been due to ingress at various locations
aboard DD 592. "Film badge doses are 24-hr doses; GITR doses vary from
approximately 1 to 2 hr doses. The ingress dose estimates are round
figures, sdequate to represent these estimates for 1 to 24 hr. The
uncertainties inherent in the basic data and in the assumptions and
approximations used in the estimating techniques have resulted in a
wide range of values for the ingress dose estimates at each location"®®

It should be noted that "between 17 and 50 minutes after Shot Wahoo
(after passage of the base surge), the dose rates in the fireroom of
DD 593 were on the order of ten times higher than on the washed weather
decks, and about 100 times higher than the dose rates in the edjacent
engineroom. The fireroom dose rates....sppear conclusively to be due
to deposited radiocactive materiel in the boiler or boller-air system.
The dose for this period, approximately 35 mimutes, was 5 r. The dose
for all other compartments in the ship for the same period was less than
lr."
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